
NATIONAL TRANSPORTATION SAFETY BOARD 
Office of Aviation Safety 
Washington, D.C. 20594 

August 2 1,2000 

ADDENDUM TO SYSTEMS GROUP CHAIRMAN FACTUAL REPORT, 
- MISCELLANEOUS DATA 

A. ACCIDENT : DCA96MA070 

Location East Moriches, New York 

Date July 17, 1996 

Time 203 1 Eastern Daylight Time 

Airplane : Boeing 747- 13 1, N93 1 19 
Operated as Trans World Airlines (TWA) Flight 800 

B. SYSTEMS SUB-GROUP 

Chairman : Robert L. Swaim 
Systems Engineer, NTSB 
Washington, D.C. 

C. SUMMARY 

On July 17, 1996, at 2031 EDT, a Boeing 747-131, N93119, crashed into the Atlantic Ocean, 
about 8 miles south of East Moriches, New York, after taking off from John F. Kennedy Internationali 
Airport (JFK). All 230 people aboard were killed. The airplane was being operated as a Code of 
Federal Regulations (CFR) Part 121 flight to Charles De Gaulle International Airport (CDG) at Paris, 
France, as Trans World Airlines (TWA) Flight 800. 

This addendum adds information to the docket that was collected during the investigation and not 
entered into the docket previously. */& Robert L. Swaim 

TWASOO Systems Group Chairman 

%$!$A 



NATIONAL TRANSPORTATION SAFETY BOARD 
Office of Research and Engineering 
Materials Laboratory Division 
Washington, D.C. 20594 

January 7,2000 

ReDort No. 00-008 MATERIALS LABORATORY FACTUAL REPORT 

A. 

B. 

C. 

ACCIDENT 

Place : East Moriches, New York 
Date : July 17, 1996 
Vehicle : Boeing 747-131, N93119 

Investigator : Scott Warren (AS-40) 
NTSB NO. : DCA96-M-A070 

COMPONENTS EXAMINED 

The components examined were removed from a Boeing 747-136, G-AWNN, in desert 
storage, Roswell, New Mexico. 

Fuel Probe with wiring bundle. 
Bulkhead with grommet. 

DETAILS OF THE EXAMINATION 

The as-received components are displayed in figure 1. The fuel probe had a bundle 
of wiring attached that consisted of two larger diameter white wires and 5 smaller diameter 
red wires. Areas of damaged insulation had been marked on one of the white wires and 
one red wire. Exposed cross sections of the wires showed that the white wire was a 
shielded coaxial cable with an inner stranded conductor core and an outer shielding layer 
of wire strands. The shield layer was separated from the conductor by a white insulating 
material and the entire cable was spiral wrapped by white insulation. The red wire was not 
shielded and only contained a central core of stranded conductor surrounded by an 
extruded outer insulation layer. On both wire lengths the individual conductor strands 
appeared to be silver plated copper. 

The points of wire damage reportedly corresponded to the location where the wires 
pass through the grommet in the received bulkhead section (shown in the top center in 
figure 1). The grommet was a hard plastic donut inserted into a hole through the bulkhead. 

Close optical inspections of the damage areas on the wires showed that the 
insulation had been worn or chafed away on both wires and that strands of conductor wire 
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were exposed, see figure 2. The photographs in figures 3 and 4 show closer views of the 
damage on the white and red wires, respectively. The chaffing removed two adjacent 
scallop shaped areas of the insulation on each wire. The entire area of damage was less 
then 0.2 inches long on both wires. The shape of the wear areas indicated that they were 
sequential and not concurrent. The shape also indicated that the wearing object had a 
rounded or cylindrical profile at the point of contact. Blackish deposits were also found 
associated with the damage areas on both wires. 

On the white wire, two strands of the shielding conductor were exposed at one of 
the scallops, as can be seen in the lower photograph in figure 3. The exposed wires had a 
white brass tarnished appearance in contrast to the bright silver metallic finish visible at the 
cut ends. The exposed strands were partially obscured by dark overlaying deposits. The 
obscuring deposits were partially removed for later analysis. The wire was cut on either 
side of the damage and the piece was examined with the aid of a scanning electron 
microscope (SEM). An SEM view of the exposed shielding strands is presented as figure 5. 
The exposed wire strands did not show evidence of arcing, wear or other types of 
mechanical damage. 

Energy dispersive x-ray spectra (EDS) acquired during SEM examinations 
determined that the exposed strands from the white wire were silver coated. Spot and area 
EDS spectra also determined that the insulation showed high levels of fluorine, oxygen and 
carbon and the deposits consisted mainly of silver and sulfur. 

On the damaged red wire, a single strand of conductor was exposed at each of the 
scalloped wear areas. Other conductor wire strands were visible through the thinned 
translucent insulation but were not uncovered. Similar to the white wire, blackish deposits 
were noted at and adjacent to the wear areas. Some relatively heavy deposits were found 
on the exterior surface of the wire out of the immediate wear areas. In addition, deposits 
appeared to have penetrated into the wire strands surrounding the exposed wires. A 
portion of the deposits obscuring the strands were removed and retained for later analysis. 
The wire was cut on either side of the damage, thereby separating an approximate 1-inch 
long piece for SEM examinations. 

The exposed wire strands from the red wire are displayed in figure 6. No wear or 
arcing damage was noted on either wire, however, the probe used to remove the obscuring 
deposits from the surface inadvertently marked one of the exposed wires. EDS spectra 
showed that the silver coating was intact on the exposed wires. Further, EDS spectra 
established that the insulation and the deposits contained similar elements to those that 
were found on the white wire (fluorine, oxygen and carbon in the insulator with traces of 
aluminum and silicon and mainly silver and sulfur in the deposits). 

The larger rounded nose of the bulkhead grommet was partially covered by blackish 
deposits as shown in figure 7. The deposits were in the form of two distinct bull's eye 
shaped areas where the centers had a shiny black appearance and the outer rings had a 
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gray cast. The grommet and a surrounding ring of the bulkhead material were machined 
out of the larger piece for SEM inspection. 

EDS spectra acquired during SEM examination found that the grommet material 
was a plastic showing significant peaks for carbon, oxygen, and potassium with minor 
amounts of aluminum and sulfur. In contrast, the deposits showed high levels of fluorine, 
carbon, sulfur, and silver. 

I 

Joe Epperson 
Senior Metallurgist 



38 
4 

Figure 2 A closer view of the area of wire daiiiayc. (arrowsi 
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Figure 3. Two views of the damage and dark deposits on the white wire, 
upper view at 12X, lower at 40X. 
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Figure 6. Ari SEM micrograph of the exposed straricls of tt ie red wire 
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Figure 7. An oblique view looking at the two areas of deposits on t h e  nose 
of the bulkhead grommet. (Mag 5X) 



NATIONAL TRANSPORTATION SAFETY BOARD 
Office of Research and Engineering 
Materials Laboratory Division 
Washington, D.C 20594 

March 30, 2000 

MATERIALS LABORATORY FACTUAL REPORT Reuort No. 00-054 

A. ACCIDENT 

Place : East Moriches, New York 
Date : July 17, 1996 
Vehicle : Boeing 747-100 

Investigator : Robert Swaim, AS-40 
NTSB NO. DCA96-M-A070 

B. COMPONENTS EXAMINED 

C. 

A section of the lower skin of th 

DETAILS OF THE EXAMINATION 

ce ter wi fu I t  k r  moved on February 2.  
2000, from the Federal Aviation Administration's Cabin Simulator at CAM1 in Oklahoma 
City. 

An overall view of the section of the lower skin of the center wing fuel tank is shown 
in figure 1 ,  as received. The section was removed because it contained a spot of "blistered 
paint" and was reportedly from an area that was located immediately above an air 
conditioning pack. The suspect spot measured approximately 0 30 inches in diameter and 
is indicated by arrow "s" in figure 1. 

The submitted piece of the fuel tank skin was painted white on the side that 
contained the suspect spot (exterior surface) and was painted green on the opposite side 
(interior surface). The exterior surface of the piece, except for a small area surrounding the 
spot, was covered with powdery black deposits that could be easily wiped off. The 
deposits looked significantly denser in the vicinity of the spot. The paint on the back 
surface showed no evidence of discoloration and appeared intact. 

A close up view of the suspect spot and the adjacent area of the fuel tank skin is 
shown in figure 2. The spot was dark in appearance and was surrounded by blistering 
paint around its periphery. Examination of this spot at higher magnifications with the aid of 
a scanning electron microscope (SEM) revealed that it was covered with a network of 
fibrous deposits. The SEM view of the typical deposits in the spot is shown in figure 3. 
The energy dispersive X-ray spectroscopy (EDS) of the fibrous deposits, performed in 
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conjunction with the SEM examination, produced a spectrum containing carbon as a major 
peak with minor peaks of aluminum, oxygen, sulfur, copper, calcium, phosphorous, silicon 
and magnisium. Also present in this spectrum were the peaks of a number of other light 
elements'. 

EDS analysis of all other deposits in the spot generated spectra containing 
aluminum as the major peak with minor peaks of oxygen, carbon, sulfur. silicon, and 
calcium. EDS analysis performed in the area with powdery black deposits located 
immediately adjacent to the dark spot generated spectra containing carbon and titanium as 
the major peaks with minor peaks of oxygen, aluminum, silicon, and sulfur. 

A small coupon containing the suspect spot was cut out from the remaining portion 
of the fuel tank skin for further examination. The cut off piece was ultrasonically cleaned in 
acetone and then reexamined with the SEM. The examination revealed that the cleaning 
removed all fibrous deposit from the surface of the spot. EDS analysis performed at 
various locations within the spot generated spectra containing aluminum and oxygen as 
major peaks with minor peaks of carbon, sulfur, silicon. phosphorous, and calcium. 

Figure 4 depicts a view of the suspect spot after the cleaning. A metallographic 
specimen was cut from the location indicated by sectional arrows "X-X" in this figure. 
Examination of the polished and etched specimen revealed that in the area of the spot the 
fuel tank skin was subjected to exfoliation corrosion. The typical microstructure in this area 
is shown in figure 5. Examination disclosed no evidence of corrosion in any other area of 
the specimen. 

Figure 6 is a low magnification micrograph showing the width of the spot (see 
unlabeled bracket) at the location denoted by arrows 'X -X '  in figure 4 Measurements 
indicated that the corrosion damage extended to a depth of about 0 005 inch Examination 
revealed no evidence of metal overheating in the area of the suspect spot 

&> - - 
/ 

Jean Bernstein 
Senior Metallurgist 

~ 

' This spectrum and  other characteristic spectra referenced in this report are present in the appendix 
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Figure 1. An overall view of the submitted section of the 
lower skin of the center wing fuel tank showing the suspect 
spot by arrow “s”. 

Figure 2. Close up view of the suspect spot on the surface 
of the fuel tank skin. (=3X). 
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Figure 3. SEM view of the deposits on the surface of the 
spot. (286X). 

I 

-1 

Figure 4. Close up view of a portion of the fuel tank skin 
containing the suspect spot after it had been iiltrasonically 
cleaned in acetone. Sectional arrows “X-X” denote the 
location of the metallographic specimen. (-3X). 
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Figure 6. Low magnification micrograph of the cross 
sectional specimen through the suspect spot showing the 
minimal corrosion damage along the spot. Keller's etch, 
1 ox. 
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APPENDIX 
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I F  
Total Counts-108590. Linear Auto-VS-77 

Typical EDS spectrum generated from fibrous deposits. 

. - .. - . - - .. - . 
Total Counts-31316. L i n e a r  Auto-VS-58 

Typical EDS spectrum generated from other than fibrous 
deposits. 
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Total Counts=i4415. L n e a r  Auto-VS=;S 

F 

Typical EDS spectrum generated from the paint surrounding 
the suspect spot. 

Total Counts-33538. Linear Auto-VS-51 
1 

Ca 

Typical EDS spectrum generated from the surface of the 
suspect spot after cleaning in acetone. 



NATIONAL TRANSPORTATION SAFETt BOARD 
Office of Research and Engineering 
Materials Laboratory Division 
Washington, D.C. 20594 - 

June 8,2000 

MATERIALS LABORATORY FACTUAL REPORT Report No. 00-72 

A. ACCIDENT 

Place 
Date : July 17, 1996 
Vehicle 

Investigator : Robert Swaim, AS-40 

: East Moriches, New York 

: Boeing 747-1 31, N93119 
NTSB NO. DCA96-M-A070 

6. COMPONENTS EXAMINED 

W332 bundle of electrical wiring (24 pieces). 

C. DETAILS OF THE EXAMINATION 

An overall view of the separated wires submitted for examination is shown in figure 
1. The wires were submitted so that the separated ends could be examined under 
laboratory conditions for evidence of electrical arcing damage. Each wire (or bundle of 
wires) had been labeled, using pen markings on scotch tape, before receipt in the 
laboratory. All of the wires were labeled with multiple alphanumeric digits, starting with the 
prefix W332. For ease of reference the wires will be referred to using the remainder of 
their identification characters. Three sections of twisted and jacketed wire triplets, each 
containing three individual wires (a co-axial white wire, a red wire, and a blue wire), had the 
same label, “Q306, Q309, and Q312”. To differentiate between these three wire triplets, 
each bundle was further arbitrarily identified (in the laboratory) as “A”, “B” or “C”. 

Using the above system, there were 15 submitted individual wires, which were 
identified with the labels “Q97”, “H 18”, “Q98”, “H572”, “Q94”, “H97”, “Q88”, “Q304”, “QgO”, 
“H16”, “W481”, “HI 5”, “H483”, “Q305”, “Q93”, and nine wires in three triplets, which were 
identified as “Q306 (2309 (2312 - A”, “Q306 Q309 Q312 - B”, and “Q306 Q309 Q312 - C”. 
A paper tag had been attached near one end of triplet “Q306 Q309 Q312 - C”. This tag 
was labeled “W332 See Other End JB”. 

Initial examination showed that all of the wires contained a stranded conductor. 
Most of the separated individual wires contained what appeared to be two layers of 
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insulation as well as a topcoat with green letters that began with “W42A. In each of the 
triplets, one of the three wires (the white wire) contained shielding. 

The separated ends on the wire pieces were examined using a binocular 
microscope at magnifications up to 70X. Many of the wire ends were cleaned in soapy 
water solution and/or acetone in order to remove corrosion deposits and other debris that 
obscured the fracture features on the strands. Separations of the individual strands in the 
conductors were almost always co-located (not spread along the length of the wire) with 
minimal spreading apart of the separated strands. Figures 2 and 3 show the typical 
features found on most of the wires. The individual strands contained necking down 
deformation, indicative of a tensile separation, or pinching deformation (flattening), 
indicative of a separation as a result of a cutting action. 

Examination of the separated strands on the conductor from the white (shielded) 
wire from the bundle labeled “Q306 Q309 Q312 - A” revealed the presence of a globule of 
material (see figure 4) that obscured the individual strands at the separated end. This wire 
was cut about one inch from the separation, then the outer insulation, shielding, and inner 
insulation were removed from the conductor. The conductor was ultrasonically cleaned in 
an Alconox solution in order to remove deposits and corrosion material. The separated 
wire end was then examined in a scanning electron microscope. As shown in figure 5, the 
cleaning process had removed a substantial amount of deposit materials, allowing the 
individual separated strands to become visible. The separation in this conductor appeared 
similar to the others, with deformation typical of separation as a result of a cutting action. 
No evidence of electrical arcing was found on this wire or on any of the other wires 
examined. 

’James F. Wildey‘ll 
Supervisory Metallurgist 
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Figure 1. Overall view of the wires lengths received for examination 

Figure 2. Appearance of the separated strands on wire "H572". (1 5X) 



Figure 5. Scanning electron microscope photograph of the 
separated end on the white wire from bundle "Q306 Q309 
Q312 - A" after cutting, removal of the insulation. and 
cleaning. (46X) 
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Figure 4. Optical photograph of the separated end on the 
white wire from bundle "Q306 Q309 Q312 - A". (20X) 



Sent  By: Lectromec; 
~ 

703481 1238 ; Feb - 15-00 6 :  05PM; f’age 1 / 1  

Lectromechanical Design Co. 
4 5 m  Undenvood Lane Suite L 
ouiies, VA 20166-2305 February 15,20(0 

-I 

Robert S w a b  
Chairman, TWASOO Systems Group 
National Transportation Safety Board 
490 L’Enfant Plaza East, S.W. 
Washington, DC 20594 

Subject; Comments on eIectrica1 activity during longw term Vet Arc Tracking test. 

The results reported in Lectmmec Report Number N191 -RP1’4AU99 EIectriCal Arcing of Aged A muf i  
Wire for wet arc tracking testing of Boeiq Specification W ~.W8/1-20 wire. were for tern that bad a 
duration of up to 25 minutes. These tests wee  stopped because the electrical activity (scintillation, 
flashing etc) had roached a steady state and not because a specific end of test pomt had bccn readad such 
as a circuit breaker hipping. 
The question has bccn asked, iT  h e  activity would have continued for longer periods of timsi, 
The answer is that it surely would havc continued for some time longer; Whether hours or days is 
uncertain. As long as there arc exposed conductors, with a potential difference (in this case 208 4(0 Hz 
AC) in the presence of the aliphatic polyimide insulation and a partially conducting fluid (dine), the 
scintillation and flashing processes will continue. The insulation will slowly be charrcd and couw ned aod 
the conductors melted and evaporated. It is possible that conc.itions would become favmbk to a 1 tronge. 
arcing event which would causc circuit b d m  to trip and slop the event. 

In addition, the following data that was developed in house ai Lectromec may be of use. 

1. In a single phase wet arc tracking test performed on a Mil Spec wire of similar construction (du :I wall 
aliphatic polyimide), the sample was tested fot a total of man: than 2 hours. There were periods 01 
scintillation and flashing as well as periods of dormancy. The tcst was ended after two wires had veldcd 
themselves togcther. This created a short that repeatedly tripped the circuit breaker. 
Notes on test: 

The total time included an initial test of 20+ minutes foll.,wed by a second test several month ; later i 9  
1 hours and 45 minutes. Similar events were observed in both parts of the test. 

As the electrical activity continued the insulation was c h i d  and the conductor was slowly nleltcd 
and evaporated. This caused the spot of activity to slowl), migrate down the wire d thenfar : out 01‘ 
the way of h e  saline drip. When the drip was moved so that it again stuck the active a m  the .rtivity 
resumed. 

2. In other tests, performed on wire insulated with fluorinated polymers, there were casea of the te:t 
running for morc than 8 hours. In general, the electrical activity during these tests was less severe ban 
observed for the aliphatic polyimide, although bot31 scintillation and flashing were observed. 

I hope this is useful information. Please call with any additior al questions. 

Sincerely / 
a 2  4d*.% 

William Linzey Ph.D. 
Lectromechanical Design :ompa ay 

T: 703M1 e1 233 F: 703e481 e 1  2.38 E: Iectmmu@d.com 



Lectromechanical Design Co. 
45000 Underwood Lane Suite L 
Dulles, VA 201 66-2305 

Thursday, April 20,2000 

Robert Swaim 
Chairman, TWA800 Systems Group 
National Transportation Safety Board 
490 L’Enfant Plaza East, S.W. 
Washington, DC 20594 

This letter addresses the question of how much energy survives a parent arc to enter the victim wire and 
subsequently be available to a 2“ arc in the victim wire involving a ground fault situation. 

Referring to the data presented in the report “Electrical Arcing of Aged Aircraft wire”, the power and 
energy that is available to the victim wire during a typical single flash event is 1.3 kW peak power with a 
potential energy dissipation of 400 mT (millijoules) during the % millisecond flash event. During a series of 
flash events that was observed, 8250 mJ of energy was available in less than 20 milliseconds. 

Please note that the above numbers have been scaled down to represent a phase to ground fault as opposed 
to a phase to phase fault. Also note that changing the circuit constants from those used when the data was 
collected could change the value of these numbers. 

I hope this is useful information. Please call with any additional questions. 

Sincerely 

Lectromechanical Design Company 

F: 703*481.1238 E: lectrome&aol.com T: 703481 01 233 





n (!!& Underwriters laboratories Inc. 8 

333 Pfingsten Road 
Northbrook, Illinois 60062-2096 
United States Country Code (1) 
(847) 272-8800 
FAXNo. (847) 272-8129 
http://w.ul.ccjm 

June 14,2000 

Mr. Robert Swaim 
National Transportation Safety Board 
Aviation Engineering, AS-40 
490 L’Enfant Plaza, E, S W 
Washington, DC 20594 

Dear Mr. Swaim: 

David Dini, of UL’s Research Department, has brought to my attention your request to 
include portions of an article, “AFCIs show promise to save lives by preventing electrical 
fires,” that originally appeared in UL’s client publication, On the Mark Vol. 5, No. 3-4. 
It is my understanding that passages from the article are to appear in a National Safety 
Transportation Board report on the aircraft accident involving TWA Flight 800. 

Please note that you have Underwriters Laboratories Inc.’s permission to include portions 
of this article in the NTSB report. Please attribute the quoted passages as follows: 
Reprinted with permission of Underwriters Laboratories Inc., “AFCIs show 
promise to save lives by preventing electrical fires,” On the Murk, Vol. 5, No. 3-4. 
This statement may appear adjacent to the passage(s) or as a footnote in the report. 

I asked Mr. Dini and his co-author, Richard Wagner, also of UL’s Research Department, 
to recheck the select passages for technical accuracy. If you would kindly change the 
bracketed reference in the first paragraph to read: “Arcing” is defined [in an article 
published by Underwriters Laboratories (UL) J . . . 
We very much appreciate the NSTB’s interest in UL’s publications. If you or your staff 
need M e r  assistance, please do not hesitate to contact me at (847) 272-8800, ext. 
43844. For technical assistance, please contact Mr. Dini at ext. 42982. 

Sincerely yours, 1 

Lorraine Swanson 
Managing Editor 
On the Mark 

A not-for-profit organization 
dedicated to public safety and 
committed to quality service 
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June 26,2000 

Mr. Robert L. Swaim 
National Transportation Safety Board 
Aviation Engineering, AS-40 
490 L’Enfant Plaza, E, SW 
Washington, DC 20594 

Subject: Arc-Fault Circuit Interrupters 

Dear Bob: 

You should have by now received the permission from our business 
communications staff to use the information from our recent article on Arc-Fault 
Circuit Interrupters in your NTSB report. I trust that this information on AFCl’s 
was useful, and I’m glad that you were able to use it. 

As indicated in our previous correspondence, I am including some information on 
AFCl’s that may be of benefit to you, especially with regard to the aging of 
electrical wire and insulation. 

1) In 1995 UL conducted a project for the US Consumer Product Safety 
Commission (CPSC), regarding, “Technology for Detecting and Monitoring 
Conditions That Could Cause Electrical Wiring System Fires.” The 
purpose for this project was to conduct an in-depth study of technologies 
to detect and monitor precursory conditions that could lead to or directly 
cause fires in residential wiring systems. Specifically, five different 
technologies were explored in detail, and the study found that arc-fault 
detection technology appeared to be very promising, especially with 
regards to providing protection against many electrical ignition scenarios 
likely to be encountered in residential wiring systems. The final report was 
quite extensive, however, I have copied for you the executive summary 
from that work. 

A not-for-?ro!it organization 
dedicated to public safely and 
cornmded to quality service 
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2) In 1996 UL conducted a research investigation on Arc-Fault Detection 
Circuit Breakers for the National Electrical Manufacturers Association 
(NEMA). The scope of this work focused on the development of a 
threshold curve of arc current versus time characteristics for ignition of a 
fire indicator during an arcing fault. Unwanted operation and operation 
inhibition of these devices was also explored. The results of this work was 
used to develop the first edition of the Standard for Arc-Fault Circuit- 
Interrupters, UL 1699. A copy of this report and the UL standard are 
enclosed. 

I have also included some general information about UL’s engineering research 
services, the group which I am directly involved with. If there is any further 
information or help which I could provide, please feel free to contact me. 

Very truly yours, 

Dave Dini (~42982) 
Senior Research Engineer 
Research Department 
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To. Robert Swaim 
~ ~ 

Co m c any; NTSB 
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COb I IDEY"1AL CORRESPOPDENCE - REPLY TO 510-251-9896, UNLESS OTHERWISE INDICATED BY SENDER 

B 'e i. :age?: 

Atti (hed i a letter describing why resistors aloiie can not solve the fuel tank ignition source isolation 
p: 0 ' )  e n  I lease let me h o w  if this is what you were looking for, or if more detail is needed. Do you need 
tl e )ciguia I letter'? 

1 f .tiis fa, .  transmission is unclear or you hwre not received a11 pages indicated, please telephone the 
! e' I ier ir mediately. 

A Smlths Industries Company 



E1-U Aerospace 
Display & Control Syrrtems- 
Malvern 
255 Great Valley Parkway 
Malvem, PA 19355 
Telephone: (610' 296-5OOC 
Fax: (610) 296-' X 5 

Mr. Ec ben I . Swaim 
NT 31 ; 
Avar .(In En. $neering Division (AS40) 
49( I ' E n h  t Plaza East, S. W. 
Wasf i igton D. C. 20594 

Subj :l!t: Ignition Source Isolation in Fuel Cmging System Using Resistors 

The E mith! Industries 2300 series Fuel Qua itity Indication System (FQIS) operates similar to other s y s t c . ~ ~ . ~ .  
It lis 33 an may of capacitive probes and a capacitive compensator in a bridge configuration to determine the 
anio. nt of Fuel in the tank. The probes and tompensator are driven with a 7,400 Ht sinusold voltage of from 
0 ' 0  - 0 vo ts peak amplitude. The two drive signals are 180" out of phase and their relative amplitudes are 
aC ju s ted b { the fuel gauging system until thc return signal is at null. 

230 FQIS Functional Diagram 

lh l?  ratio of the drive signals IS inversely proporiional to the ratio of the probe to compensat if ~25~:: < .  - 

F rc r i  thie ratio the quantity of fuel within thr! tank is determined. 

1 h 2 Trsr dent Suppression Unit (TSU) is lrlaced in line with the fuel gauge wlring, as close to the tank Wall 
i s  F ossit le. The TSU clamps the voltage t'iat enters the tank at approximately 11 volts So that the maximum 
6 n 3'gy 8 orage within the in-tank capscita ices is below 20 pJ. Note that stored energy equals W CV'. This 
2'0 1i.I let el is below the worst case ignitiori energy that could occur withln the fuel tank. The TSU also limits 
t i c .  RMS current that can flow into the tank to less than 10 mA RMS. By limiting the current, the amount cf 
tiazting i i also limited, 80 that the worst case auto-ignition femperature can not be reached. 



r - -  ---., 

2300 FQlS with TSU 

If a rbsistir were to be used in each circui to limit the current and stored energy, a resistance of abc,r 25 
koh-is vtc uld be needed to ~ n s u r e  that the current Into the tank is limited to 10 mA (assuming a hot shon 0" 
a ry ine 13 the 350 VAC lighting power). Unfortunately, this resistance is of larger mean tude than the 
c i IFECi t IVI  reactances in the circuit, which includes not just the tank units and compensator, but also the 
61 18 ) caw citance from each drive line to ai Yrame and between the two drive lines. lncorporatlng resistors of 
t t is  naQr itude would re$ult In significant iittenuation and phase shifting of the drive signals, which would 
CIL ~e gal tge inaccuracy and Built In Test eTor indications by the gauge. In fact, the gauge wodd not be able 
tc 1 1  ive t ie circuits sufficiently and the gauge would not function at all. The power requirsd to diva t P E  
c rc L its wth  the added resistance would be more than two orders of magnitude greater than O T I $ ~ ~ A ~ )  

dsr I jned For assuming the same current leiels (P=i2R). 

Psr timing these large resistors are present, there still is no way to limit the stored energy. Assuming the 35C 
LAI sign31 is present, it could charge up the tank capacitances to in excess of 135 +J which is well above 
the :,pecil ied 20 pJ. 

1 hl? Smil i s  Industries Transient Suppress ion Unit circumvents these issues by using a proprietary design 
clrcalit to lmit both current and stored energy without disturbing the operation of the fuel gauging system. 

E ir c erely 

.lo1 I i S. i Jykr 
F A L  Fue Systems DER, OERY-429981-NE 



Swaim Bob 

From: Swaim Bob 
Sent: 
To: Swaim Bob 
Subject: 

Wednesday, March 15, 2000 12:42 PM 

FW: NTSB Meeting - Bob Swaim 

-----Original Message----- 
From: Rodrigues, J D [mailto: J.Rodrigues@PSS.Boeing.com] 
Sent: Thursday, February 17, 2000 6:55 PM 
To: 'swaimbo@ntsb.gov' 
Subject: FW: NTSB Meeting - Bob Swaim 

> ---------- 
> From: Lidicker, Richard J 
> Sent: Thursday, February 17, 2000 3:46 PM 

To: Rodrigues, J D 
> Cc: Hulm, Jerome R 
> Subject: FW: NTSB Meeting - Bob Swaim 

> Dennis 

> Jerry Hulm asked me if we had any more comments for Bob Swaim on the airplane wiring addendum. Bob told Jerry he 
is finalizing the report of the second review of the airplane wiring (that Lonnie and I worked on). He said if we have any 
additional comments on the draft report to get them to him before the end of this week so he can incorporate them. 

> The only copy I have is the draft of "System Group Factual Report Addendum for Airplane Wire Inspection and Collected 
Service Reports", dated March 22, 1999. Both Lonnie and I have already commented on that draft copy and Bob indicated 
in his message dated April 12, 1999 that "I've got your comments incorporated on the draft for the survey". However, in 
the April 12th message he also indicated there was one Boeing comment that was not incorporated. When Boeing 
objected to this, he indicated in another message, date April 17,1999, he was going to review a Boeing letter dated 
November 20, 1997 and change the draft as required. The comment and letter dealt with a the wiring over the CWT, in 
particular the APU and Galley power feeder location. Has Bob incoporated this comment? 

> Below is a copy of the paragraph and our comments (approximately page 8 or 9 of the draft) and a quote from the letter. 

> BOEING REFERENCES 

> The following information is from a Boeing Proprietary letter of November 20, 1997: 

> The wiring routed over the C W  is contained in trays and the tray height over the CWT varies from .7 at the forward end 
to 21.5 inches at the aft. The trays are made of glass fabric or glass fabric reinforced material to Boeing BMS 8-80R or 
BMS 8-2K. The trays contain power wires that include service to the auxiliary power unit (APU, not used for flight), 
ground handling bus, galley power, the P14/P15 panel power to aft service panels, and the seat and passenger service 
unit (PSU) power. (Bob: This sentence leaves the impression that the power wires were in the trays with the FQlS 
wiring, when in fact, the power wires that are listed are clamped to "U" channels over the CWT and not in the trays.(see 
below for the appropriate paragraphs from the above referenced Boeing Letter. In particular, the second paragraph)). 
Please revise the sentence to state that the power wires are clamped to the "U" channels and are above the tank from 0.7 
inches at the forward end of the! 
tank to 21.5 inches at the aft end of the tank 

> The material that is quoted below is from Boeing Letter Number: B-B600-16293-ASI; Dated: November 20, 1997. 

> "Most of the wiring over the center wing tank are contained within raceway trays. The trays are composed of BMS 8- 
80R(Fire resistant, polyester resin preimpregnated glass fabric for general use) or BMS 8-2K(General purpose, rigid, fire 
retarded glass fabric reinforced plastic sheeting). These trays provide support for the wiring and at the same time assist 
manufacturing during the installation of the wire across the center wing tank structure. 

> The remaining wiring consists of the APU power, the Ground 
> Handling Bus, the Galley Power, the P14/P15 Panel power to Aft Service Panels, the Seat and PSU Power, and the ADF 
antenna. They are supported and clamped above the top plate of the tank on top of U channels which are spaced 
approximately every 20 inches between the floor beams. Their height above the tank varies from approximately 0.7" at the 
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forward end of the tank to approximately 21.5" at the aft end of the tank.. 

> Both the APU generator feeders and the galley feeders have 
> differential protection as well as overload protection. The APU generator feeder differential protection is set to trip at 20 
+ 5 amperes in less than 40 milliseconds. Similarly the galley feeders are protected when the differential current exceeds 
20 amperes by the ELCU via an inverse time delay le> ss than 700 milliseconds. It should also be noted that during 
normal Electrical System Operation, as electrical power is transferred to the main engine generators the APU generator 
fields are tripped, de-energizing the APU generator feeders. The APU generators are not used for electrical power in > 
flight on the 747." 

> Dick Lidicker 
> Phone: 425-342-0088> 
> Pager: 425-631 -8680 

> 

> 
> 

> MIS: 04-JU 
> 
> -_-------_ 
> From: Hulm, Jerome R 
> Sent: Thursday, February 17, 2000 7:38 AM 
> To: Lidicker, Richard J 
> Subject: NTSB Meeting - Bob Swaim 

> Dick, 

> Bob stated that he is finalizing the report of the second review of the airplane wiring (that you and Lonnie worked on). 

> He said if you have any additional comments on the draft report to get them to him before the end of this week so he can 
incorporate them. 

> Have we already commented on this report? 

> Jerry Hulm 
> Manager - Electrical Systems C&C - Cert FocalNViring DERs/ Safety (B-E24G) 
> Boeing Commercial Airplanes 
> Phone: 425-294-4638 FAX: 425-342-4616 
> Alpha Pager: 425-631-5525 
> E-mail: jerome.r.hulm@boeing.com MS: 04-JU 
> Pager Web Link: http://webpager. boeing.com/htbin/pagem?pagee=jerome. hulm 

> 

> 

> 

> 

> 

Everett, WA 98203 

Home Phone: 425-338-2496 

> 
> 
> 
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May 2,2000 

Mr. R. Swaim, AS-40 
National Transportation Safety Board 
490 L'Enfant Plaza East, SW 
Washington DC 20594 

Subject: FQlS Circuit Capacitance, TWA 747-1 00 N93119 Accident off 
Long Island NY - 17 July 1996 

Reference: Your email to J. Hulm, dated Apr 24, 2000 

~ Dear Mr. Swaim: 

In your reference email, you requested our calculations on the amount of 
energy that can be stored by the FQlS and whether the 51 K and 200K ohm 
resistors provide enough protection. 

In response to your request, we believe the best way to address this subject is 
to go through the failure modes and provide the calculations for those. Please 
refer to the enclosed schematic. 

, 1. Failure Mode: Continuous 115VAC 400 Hz short to the Comp Lo-z wire or 
Lo-z wire with no other faults. 

Effect: The wires would have stored energy that would follow the voltage 
frequency cycle. The worst case would be when the 400 Hz cycle reached 
its peak. The peak of 1 15 Vrms is approximately 162 volts. 

For the Comp Lo-z, the wire stray capacitance to ground is 7.9 nF. The 
maximum energy stored in the wire by this fault would be determined by 
the following calculation: 

E = 1/2*C*V*2 = 1/2*(7.9*10-9)*(162)/\2 = 104 UJ at the peak of the cycle. 
For 115 Vrms the value is 52 uJ. 

For the Lo-z, the wire stray capacitance to ground is 6.5 nF. The max 
energy stored in the wire by this fault would be: 

I 
I 

~ 

1 



Page 2 
R. Swaim 
B-H200- 1 6947-AS I 

E = 1/2*C*VA2 = 1/2*(6.5*10-9)*(162)/\2 = 85 uJ at the peak of the cycle. 
For 115 Vrms the value is 43 uJ. 

For these 2 cases, the maximum energy stored along the affected wire is 
only present at the peak of the cycle. For VAC, here 400 Hz, the energy 
(as is power) is actually related to the Vrms. Note: the actual charge 
buildup, which is done by current (chargehime - dq/dt), is distributed along 
the entire length of the wire. It is not concentrated at any endpoint along 
the length of the affected wire. HnEINe 

2. Failure Mode: Intermittent 11 5VAC 400 Hz short to the Comp Lo-z wire or 
Lo-z wire with no other faults. 

Effect: With an intermittent short, any energy stored beyond the normal 
system limits, would be dissipated through the resistors in the master 
indicator within 0.5 milliseconds after the short was removed. Where time 
for discharge is calculated by at least 5 time constants which is quantified 
by Resistance times Capacitance (R*C): 

5*R*C = (1 5x1 0"3)*(7.9x1 OL9) = 0.5 milli-sec. 

If the hot short fault were to disconnect, and then immediately a ground 
short fault were to occur in the tank on the (Comp) Lo-z wire, then the 
energy stored above would discharge into the master gauge and into the 
fault. Since the charges are distributed along the wire, a smaller amount 
of the above-calculated energy stored would go through the fault. In other 
words, the total energy available to the fault is less than the total 
distributed energy along the wire. 

3. Failure Mode: Continuous 115VAC short on the AIDS side of isolation 
resistor R5 (51 Kohm). 

Effect: The voltage on the Comp Lo-z wire would be the resistor divider 
network (Rl/R5) looking back into the master indicator and the totalizer. 
The totalizer resistance effect on the calculation is negligible so the voltage 
at the compensator would be: 

V = (15/(15+51))115 = 26Vrms 

This is within the normal operating voltage supplied by the FQlS to the 
Comp Lo-z. 



Page 3 
R. Swaim 
B-H200-16947-ASl 

4. Failure Mode: Continuous 11 5V. .C short on the AIDS side o isolation 
resistor R5 (51 Kohm), in combination with a short-to-ground fault in the 
tank on the Compensator Lo-Z circuit. 

Effect: the maximum current available to the fault in the tank would be: 

I = 115/51K = 2 mA. 

This current is below the 1 OmA maximum in-tank current allowed by 
Boeing requirements for this system. #O!IN& 

5. Failure Mode: Continuous 115VAC 400Hz short on the Hi-z shield. 

Effect: The Hi-z shield is grounded inside the master indicator. Either the 
circuit breaker for the shorting wire will pop or the Hi-Z shield braid will 
vaporize at the spot of the short, re-opening the circuit. 

6. Failure Mode: Intermittent 1 1 5VAC 400Hz short on the Hi-z shield. 

Effect: The shield braid will vaporize at the spot of the short, re-opening 
the circuit. 

If you have any questions, please do not hesitate to call. 

Very truly yours, 

f l q 7  onald J. Hin erberger 

’ / Director, Airplane Safety 
Org. B-H200, MC 67-PR 
Telex 32-9430, STA DIR AS 
Phone (425) 237-8525 
Fax (425) 237-8188 

Encl: Circuit Schematic, 1 page 

cc: Mr. A. Dickinson, IIC 
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18 July 2000 
B-H200-17004 -AS1 

Mr. R. Swaim, AS-40 
National Transportation Safety Board 
490 L’Enfant Plaza, S.W. 
Washington D.C. 20594-2000 

Subject: Contents of wire bundle W1360, TWA 747-100 N93119 
Accident off Long Island, N.Y. - 17 July 1996 

Reference: Email from R. Swaim to D. Rodrigues dated 13 July 2000 

Dear Mr. Swaim: 

In the referenced email, you requested the identification of the wires in wire 
bundle W1360 as shown in PI 61 870103, Sheet 1 F, in Section view 1A6. The 
attached charts contain the requested information. 

If you have any questions, please do not hesitate to call. 

Very truly yours, 

! p‘ 
onald J. Hinderberger 

Director, Airplane Safety 
Org. B-H200, MC 67-PR 
Telex 32-9430, STA DIR AS 
Phone (425) 237-8525 
Fax (425) 237-81 88 

i 1 Encl: “RA164 (R0103), C/L - 153, Engine - RX131: Wire Bundle W1360 
j Content” chart, 3 pages 
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Swaim Bob 

From: 
Sent: 
To: 
Subject: 

Rodrigues, J D [J.Rodrigues@PSS.Boeing.com] 
Thursday, August 17,2000 4:08 PM 
'Swaim Bob' 
RE: Bundle W1306 power source 

Bob 
Here is the information you requested in the message below and on your phone call to Lonnie Williams: 

SWAIMW1306BUS.do 

C 

Dennis 

----- 
From: Swaim Bob[SMTP:SWAIMBO@ntsb.gov] 
Sent: 
To : Dennis Rodrigues (E-mail) 
Subject: Bundle W1306 power source 

Friday, August 1 1, 2000 11 :55 AM 

Dennis - 

I called and you were out, so called Lonnie, since it will be a question that you'll have to refer to him. The question is 
what electrical bus supplies W1306 and what other bundles does that bus supply. This is a repeat of a question from 
a long time ago (2 years?), when we first found the wires for fuel flow 4, the VSO, and lights routed down the STA 360 
frame. 

Thanks 
Bob 

1 
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BOENb C'UMMEKCIAL AIKYLANE LOMYAN Y 
A Division of the Boe ing  Company 

Seattle, Washington 

DOCUMENT NO. D045Y41102TR 

TITLE: 270 VDC Wet Dielectric An, TrackinR Tests 

MODEL 757 

PROPRIETARY NOTE 

The information contained herein is proprietary to The Boeing Company. Reproduction, 
disclosure, or use of the information is prohibited except when expressly authorized by the 
compat ibi l i ty /dut ion organization as specried below. 

- 
PREPARED BY c & L d ~ U *  

J. .A. Craig Jr. 
/ 

SUPERVISED BY 

APPROVED BY 

BOEING No.DM5Y41102TR k 



FROM 1 BCFIG LEGBL 

SUMMARY 

Pkse I ?esthg WBS htended t b  evaluate c m t  ll5/200 VAC chuit brrtllzEeft when ased 
in 270 VDC -ems. Xt was determined that L15/200 VAC circuit b m h m  w m !  
anameptable Par use in 270 YDC gystems due to excessive an&g and sl)awuent rne1t.w 
Qt the breakct CantafiU. An e!ecUw&! C h u i t  hceaket was desighed and krllt wrNch 
intempted cuzmmt horn the AC amme that euppUed the 270 VDC lab apply. This 
eliminated the e i n g  problems asaaoiatcd with DC switches and dlowed exunirutian of 
s e m d  trip chmmteristlos under consideration. A new test pmcedure vas then defined 

0587e 
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1 .o PURPOSE 

The purpose of this test was to determine the capability of existing circuit protective 
devices under-all conditions (normal and abnormal), for use in 270 YDC electrical power 
systems and define requirements for prototype Mware to be developed. 

1.1 Background Information 

since the purpose of this testing is to  redefine requirements €or DC circuit protection 
devices, and compare them to their AC counterpart, a basic comparison of AC vs DC is 
required. When a circuit breaker (or switch for that matter) is opened, an arc is created 
whose magnitude and duration is dependent upon the magnitude of current and voltage 
being interrupted. Current wil l  continue to flow until the arc is extinguished or current 
across the contact points creating the arc reduced t o  zero. One fact, commonly known, 
yet commonly ignored in this situation is the nature of the two signals. AC voltage and 
current varies with time and at 400 Hz, becomes zero every 1.25 msec. DC on the other 
hand does not become zero at all. So, in an AC breaker (or switch), an am mated by an 
AC signal has a chance t o  extinguish itself every 1.25 msec whem a DC signal must wait 
for physical separation of the contacts before extinguishing. 

05872 
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5.0 CONCLUSIONS 

By examining the results of this testing and Wire damage in AC and DC wet dielectric 8 1 ' ~  

tracking tests, the Eollowing conclusions can be made: 

Current 115/200 VAC circuit breakers are unacceptable for use in 270 VDC systems. 

When damage from an arcing fault occurs, the current level rises abruptly (within 5 
msec tor this testing) from load current to over 1ooo"/0 rated current. 

Damage to the Wire is equivalent or less than AC when the time at the 1ooo% current 
level and above is faster than standard trip time characteristics presently allow, 
while leaving the other current levels at their present AC values. For our tests, the 
damage was equivalent or less than AC, when cuncent was interrupted within 63 to 75 
msec of its onset. 

Wire seen to be most volitile was Tensolite BMS 13-51 (Kapton) with the next most 
volitile being Filotex BMS 13-51 (Kapton). In all but one case, the Raychem BMS 
13-48 (TefzeU exhibited the least amount of damage. 

Where the wires burned through with no breaker trip, damage was limited to the two 
wires involved with the arcing fault. 

Page 30 



6.0 RECOMMEND ATIONS 

The following recommendations for 270 VDC circuit protective devices are tmsed upon the 
results of this testing and conclusions drawn from it. 

1) The upper limits of the trip time characteristics 
than present AC circuit protective devices. Since significant dam@ done to the 
wires was at the higher current levels, only those need t o  be redefined, leaving the 
lower trip times the same 8s current AC breaker trip times. This would allow for  
motor inrush currents and other similar transients, while protecting the system from 
arcing type faults. 

and above), should be faster 

2) Some consideration should be given to  the manual reset time allowed. It was shown 
significant damage occurred each time an arcing type of fault was reset. If the 
device is to be resettable in flight, a longer rest time should be required for loooO/o 
faults, but allow normal Rset times for lower faults. This would stil l  allow a breaker 
reset for motor or inductive loads, but not allow a reset into a low impedance or 
arcing fault. 

A recommended trip time characteristic is given in F@LW 7. 

BOEINC No.DO45Y41102TR k 
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3 04 Funotional Test Requirements 
. I  

"he following Amat iond  Teats requirements a m  applicable t o  all 
connectors and assembllee in t h l 8  document t o  the extent  specif led 
herein. 
an, apeoifiied under their respective Quality Assurance paragraph L.6, 

The conditions under which these t e s t s  am t o  be performed 

Physio al 

(a) Air Leak 

There shall be no a i r  leakage pas t  the  receptacle and no a i r  
leakage past nor through the attached cable assemblies. 

(b) Vacuum Teat 

There shall be no change in pX'eSyl'0 a f t e r  30 seconds of exposure 
t o  a pressurn d i f f e r e n t i a l  of 23 - 3 inches of mercury. 

There shall be no f u e l  leakage of any amount pas t  the  O-ring, 
through the connector assembly, o r  through the  connector shell. 

3.4.2 Electr ioal  

(a) InMation Resistance 

The insulation resis tance ehall b e l  2000 megohms. 
inrmersion In Skydrol !%)OA, the insulat ion resis tance sha l l  be 

A f t e r  

2150 megohms. 

(b) Dielectric Strength 

There shall be no arcing or aparklngs. 
5 2.6 mfxiamperes pa5 connmctor' plue 2.0 millimiperes per 100 
inches of oable '.ygth. 

Leakage current shall be 

(c) ant inui ty  

For the Qualification Test  Unlt, the  resistan- a s  measured i n  
paragraph 4.6.2 .shal l  be 0.010 ohms 88 measumd w i t h  a witable 

For all unit8 other  than the  Q d i f i c a t i o n  Test 'Unit, there 
e h a l l  be continuity (as measured with a lamp or  equivalent 
teohnlque) per paragraph 4.6.2. 

bridge. 

(d) Continuity Under Vibration 

Thum shall be no interrupt ion of current f l 0 w . b  exce88 Of 
10 dcroseconds. 

C 



I SYM,A 

3.ll.2 ELectrioal (Continued) 

(e) Contact Resistance Test 

The msiatnnce sh&U be such that 5 amperes Nil1 not produce a 
voltage dmp t o  exceed the follwhg %hits! 

circuit Millivolt  Li tni t  - 
Inner Contact of Shielded Cirouit 45 
Shield Contact of  Shielded Circuit 55 
Siee 16 (ushlelded) Circuit 40 

I 

CODE SIZE 
IDENT NO. THE 

6QBL0037 

COM?ANK SCALE ISH 93 
m uaak-ut 6-7000 



Ssnrplee 1 and 5 of Table I shall be mbJect6d ka 'md 
shall sat.tishotorlly pace the fpllowing testa in Table IIaa 

(a) mcluct Examination 

IDENT NO. 

81205 
SCALE 

b.2.1 Maliitenance Aging 

60B40037 

ISH 46 

More  any enrlromntal tests are conduotsd, each oontact shal l  be 
inserted, reucrred, and minaerted using applicabla Insartion and re- 
moval tools. Wanple 1" and Ykmple 2n per paragraph s h i l l  be mated 
and unmated 10 t i ~ e 8 .  Twenty percent of the contacts, but not leas 
than 3 contaota i n  the receptaale, shall be m o v e d  and inserted 9 
times, uehg applicable ihsertiongld removal t o o l ~ .  
measureaent required by 1.2.2 shall be made on ti15 third incertion of 
5 contacts or each of the connectors. The purpoae of the  procedure 
I s  to proVide accelerated Mintenanoe aging of  the contaot, contaot 
locking QaOhsnian, Bnd sealing pmviaicrms prior to endromental 
testing. 

"he force8 

THE 

COMPANY 
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CODE I SIZE1 
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Product Exad.nBKon I x x  r X 
* T h e d  Shock Ir.S.1 I X  x x  x X 

Qualification Test U n i t s  deeignated Samples 1 ,  2, 3, 5, 6, and 7 ( M e  Pam. 4.1) 
&a31 be subjected to and shall satigfactorily pass the tests ppecified in Tables 
11 and IIa. 
p v i o u s  data on similar units ts submitted as "proof by similarity" must be 
agpmved by the buysr. 

Those tests shall be performed in the order l i s t e d .  Testa where 

X 
X 

TABLE I1 

* Gmnectora a d z d  for test indicstad 
+* Test perf'omed for both the mated and unaated cadfiguration 



4.5 Bnvironmental Tests 

L.S.1 T h e w  Shock 

The vlmd and mated connectors Shall be subjected t.0 a test In  
accordance w i t h  MLIrG26500,;',, Par . &.$.a except the upper 
temperatale l imi t  shall be 250 2 +F. 

lr.s.2 Fluid Immersion 

The connectors shdl be suitably mounted on 8 fixture, mated, and then 
inrmeraed in fluids ae spedfied below for a pried of 20 ca~ltlnn6us 
hours with the fluid raaintained a t  the tamperatare specified. 

During inmwraion of the qecif led samples, the conditions s h d d  be 
ouch that Swdrol scxU does not catac t  the potting coonpound a t  the 
rear of the receptacle. ("hie potting compound is not resistant to 
skydrol). After a u l d  lmnerslon, the unit s h a l l  be subjected t o  an 
inatii.atian resistance tes t  for 4.6.2(a). 

L.553 Vibration 

The vibration conditions described hemin 8 h a  be conducted a t  t h e  
follaring temperatures% 

Lou Temperature 
Row llmblent Temperature 
High Temperature 

The t e a t  s e t u p  ahall be as specified in KCL-C-26500, para. 4.7.12. 
The vibration conditione qh8I.l be as specFfied I n  D6-13014, Area 
7, Category A. 

Throughout each vibration tes t ,  the wired and mated connectors s h l l  
be eubjeoted to and pass the oontinulty Functional Test a s  epecifjed 
in Para. 4.6.2(d). 

The VFred and mated connectors shall be subjected t o  8 test In 
accordance with MIL-C-26500 E, Para. 4.7.i3. 

THE CODE I SIZE1 
IDENT NO. 

60840037 81205 
SCALE ISH 50 
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4.7 

4.7.1 

4.7.1.1 

4.7.1.2 

* 

Acceptanoe Teeting 

Tests and Sampling Plan 

All deliTerablc produotian cable assemblies, only, shall be subjected 
t o  the Acceptnnce Testa of Table I V .  

ACCEPTANCE TESTS AWLICABLS PAF3iGRAPHS 

M u c t  Exanination 4.4 
A i r  Leak 4.6.l(a) 
Dielectr ic  Strength 4.6.2Cb) 

brmhtion 8e8, 4.6, z( a )  
Continuity 4 .6.2( C )  

All deliverable production unite, other than cable assembliee, 
such ae contacts, brackate, and cable clanpa ere reqalxed t o  
pass visual Inspection and mechanical t e s t e  an applicable. 

TbR number of units #at are required t o  pace the acceptance 
teste are deterabed by the size of the l o t  a8 folloves 

m SIZE s m  SIZE ACCEPT REJECT 

0-14 1M) Percent 0 1 
15-180 I5 Unite 1 2 

l.81-500 50 units 1 2 
501-800 75 U n i t e  2 3 

A lot ahall corutiet of a l l  units with the usme part  number, 
manufactured by the 68m4 proceseas during a continuous production 
run, not t o  exceed one calendar week and Bubmitted for acceptance 
at one time. 
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This docwent  d e f i n e s  the  methods and pract ices  t o  be 
used in the electrical/eleet rode  area for presentin3 
c i r c u i t  inforrat ion and wire assembly and i n s t a l l a t i o n  
on the Y n d d  7L7 ahcraft, 

The data i s  intended for use during design and develop- 
nent by L5gineerb.g. 

A l l  hardware s h a l l  be Eanufactured and inspected for 
c o c f o r z n c e  to applicable d r w i n g s ,  and t h i s  docment  
s h a l l  not be used a s  a s u b s t i t u t e  or supplement thereto .  

K E Y  W O R D S  

V i r -  D e s i g  

Wire €&uti= 

'dirt Bundle 

Ships' #ir ing  

Wire Size  

Integration Panels 

C O M e C t O r ¶  

Crimp Contact  
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1 .o ' IKTROOUCTION (Ref L,  para L2.1) 

1.1 De f init ioru 

Thk fo l lou ing  d e f i n i t i o n s  a r t  f o r  t h e  meaning of words as  thcy  . 
pre used wi th in  this docuaent: 

A. 

B. 

C. 

D. 

3. 

F. 

C. 

n.  

1. 

J. 

K. 

L. 

3. 

N. 

Clamp - A device  used t o  hold and suppor t  wire by grippin3 
a c t  ion. 

Coaxial - A wire conf iqc ra t i cn  in which t h e r e  is a n  i m e r  
conductor surrounded kt a d i e l e c t r i c  ard enclosed by an 
o u t e r  conductor; n o m a l l y  use5 f o r  conducting r ad io  frequency 
cu r ren t s  . 
Connector - A devlce t o  zake in-line connect ion(s)  between cce 
o r  mre *wires for continuous e l e c t r i c a l  pa th ( s )  a t  z l o c a t i c n  
where t h e  wires are s e b j e c t  t o  being disconnected arid recon- 
nected without rdstzstchieg c i r c u i t s .  

Contact - A device wi th in  a connector used t o  provide t h e  
e l e c t r i c a l  F t h  Joining two i nd iv idua l  wires. 
C A A ?  - A z e t h d  of permanently j o i n b g  a device  t o  an  e l e c t -  
t r i c a l  wire & aechanical  pressure. 
Drip-toops - The loop forned by a wire bundle routed t o  rt coz- 
nec tor  f roz  above t k e  l e v e l  of t h e  connector by l o o c f q  k l c x  
t h e  conmcto r  i n  such a ednner ttat condensed m i s t u r e  Sri?l 
not n o u  alonq t h e  wire t o  t h e  connector. 
& p i p e n t  Center  - An area where s e v e r a l  pieces of e l e c t r i c a l  
or e l e c t r o n i c  equipnent rquir ing  in te rcorAect inq  and incoa ing  
wiring art rowted. 

Lqtegration Panel - One or ,?ore sheet  n e t a l  pmels  near  an 
equipzent c e n t e r  on wnich t o  zocnt connectors uscd for 
i n t e g r a t h g  t h e  in te rconnec t ing  and incorzng wl ring. 

Y d u l e  - The i n t e g r a t i o n  of an inst , 'ment  and its associr ; ted 
switches and/or electrocics i n t o  a u n i t .  
P i g t y i l s  - %or', xires frox a piece of equip.cr, t  t h a t  cre c o t  
tetr.inated Fn a ccrmcctor. 
Pin - A r d e  contac t  w i t h i 3  a connector that- is nocally r x n d  
rod shaped, pointcd o r  rormnded O:I =ne en2 and connected t o  a 
wire on t h e  o t h e r  end. 
Plug-to-Plug - t o  assexkde a v i t e  Si .u le  from a connector sn 
one end t o  a l i k e  cocncctor  on %ne c:-*?~ end wi*.:?cut S?;f 

s p l i c e s ,  te.,inals, o r  o the r  connectors i.7 between. 
.%ccuay - An a rea  wi th in  :!le a i r r r l r t  set a s i d e  for t h e  ??::- 

i ng  of e l e c t r i c a l  *&res.  The a r e . ~  x3y be enclosed or  ~=.in. 

S h e l l  - The ou t s ide  s t x c t u t e  of a ccnnector which s u t p o r t s  
ana holds t c g e t k e r  all of t h e  pa r t s .  
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P. 

. Q. 

R. 

s. 

T. 

U. 

Ships'  Wiring - That wir inq  which is cor=dlly perzanent lp  
mounted i n  the a irc t t I t ,  SI d i s t inFd i shea  f ro2  wiring t:r: 
nay be removed w i t h  o panel o r  p iece  of equipment. 
S p l i c e  - A c e d c e  f o r  p e m n e n t l p  jo in in3  :oEcther t k e  ends 
of t i 0  or =re pieces of wire t o  provice a ~ ~ ~ % f r ; u o a s  eiec:ti-  
ea1 path in uhich t h e  vires can?ot be 2fSCOMected, uizhc*:: 
cuttiry the wire o r  dest.rcyin4 t h e  device.  
Socket - A fwzile co:.tact wi:kin a conr.ector ncrrull:; shaped 
t o  receive t 5 e  pLri con tac t s  of t a e  s t i n g  coraectoi. 
T.U~LL Line3 - A pou;, of * h r e  buncCes mcted between t vo  
equipent  centers . 
i l i r e  - An individual insulated conductor used as a s i n g l e  
curren t  pi th .  

Xire % n i l e  - 740 o r  rnre ir.ci.ri,dual insu la ted  cmduc to r s  
t i e d  toge the r  in a bur,=.le. 

Wire Pamess - A wire bundle w i t h  d e s t i n a t i o n s .  

1.2 General P rac t i ces  

D e s i p  p r a c t i c e s  and proceccres  t o  be used f o r  des iqn  and Zeveloc- 
s e ~ t  of e l e c t r i c a l  ana e ' ,ectxr . ic  ~ t r e  k n 5 l e s  ar.d instsL1i::ons 
shall be in accord wi th  E! 725:, :e: S ,  2rrlting St.i:Parls :.'a-.ual. 
R e I  7 ,  and t h i s  docL:tnt. 
shall t ake  precedence. 

L? :z;e of c3nY-ictI t h i s  docu:.t.er.t 
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1.2 

1 . 3  

General Practices (Continued) 

Wire bundles  betvcen i n t e g r a t i o n  panels SkAll be considered 
sh ips '  v i r i n g  and s h a l l  be t r e a t e d  as trw-k lines c o n s t r x t e d  
h.m connectar  t o  connector v i r h  a = i n i s m  of c rossove r s  3: ' 

m u l t i - d e s t i n a t l e n s .  Wire bundles b e t w e n  the  inte- ; ra t ian Fanel's 
and the a d j a c e n t  equipnent  c e n t e r  (Ins:ru=ent F n c l ,  tt e3cet rcn ic  
rack  s l e l f )  shall become the  v i r e  karness c o n t a i c i c a  t k e  crsss- 
over i n t e r c o n c e c t s  and tke bur.c!le d i v e r s i 3 n t .  Tkese c a t l e s  shall 
be used t o  ?:wide for cus tmer  m r i a b l e  with t h e  ainlcum changes 
t o  t h e  s h l ? ~ '  v i i i n q .  

A l l  panel i n s t r u a e n t  and nodule virinq s)..all be t e 3 i n a t e d  i n  
comect3rs for e a s e  of r e r o v a l .  S v i t c k e s ,  r e l a y s ,  i n d l c i t o r  
lamps, d i a l  l ungs ,  e t c . ,  s h a l l  be i n  oodules and t e r d n a t e d  i n  
connectors crn t h e  leodule. 

b g i n e e r i n g  r e l e a s e  of Wiring I n f o r c a t i o n  

Release of sroduccion e l e c t r i c a l  and e l e c t r o n i c  d rav ings  s h a l l  be 
per  R4 5.7 of 9ef 3, (D&l:OlO) ar.d 3ef  ? ( > a f t i n 3  Stacdards  
Manual 54C1). Ail of tte rules of 24 6.7 fx r e l e a s e  sr.all be 
fo l loved  v i t h  the f o l l o v t n g  exce?t ion:  

Ul v l r e  bundles  m d  v l r e  r o u t i n g  C r a v i n ~ s  s h a l l  be released a s  
v a r i a b l e s  for a *rticular custmer blcck crf a l r ? l a n e s .  
RAOO1-.3AcC9 .?an Aq) 
€UUOl-RA.l:S, ' S A )  w i l l  be added on as  t h y  a r e  c3c!nlztcC i f  :hey 
are  a=pl i c sb le  t o  c x l s t i n z  dravings.  
r ep resen t  the  needed conf ig*zat ion of the next  custocer block 3f 
a i r p l a n e s  t k e n  new draVingS vi11 be created u s i n c  existin6 
cus tooer  dravirqs as a base l i n e .  

(Sxa=?le 
Any nev c u s t m e r  i a t r x l u c t i o n  ( S x k ~ z l e  

I f  e x i s t i n g  dravings  d:, not  

__ 

I 

i 
I 
! 

('j 

! 



. z . u  

2.1 

3.0 

3 . 1  

The process speci2ica:icns 0-C 2!q7291, S e c t i o n  ?Lo,  a r e  
v l t h  the f o l l c v i n g  addit ion:  

BAC 5000 Seal ing  

WIRE #ID CABLZ SELECTION 

3 
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3-1  (Continued)  

C. BMS 13-28 (Ref 11) 

Kaximum Teape ra tu re  Ra t lng  - 5OO'F (260 'C)  

Conductor - Nicke l  coa ted  copper s u i t a b l e  for c-rinping. 
S o l d e r i n g  is  p o s s i b l e  b u t  no t  recorrclended. 

I n s u l a t i o n  - H i n e r a l  f i l l e d  ex t ruded  TFE (28  Mil) 

Type I i n  s izes  18 AUC through 4/0 AWG. 

Type 111 s h i e l d e d  and j a c k e t e d  w i r e  i n  s i z e s  18 AUC through 
l2 A G .  

D. BMS 13-31 (Ref l.2) 

Maximum Tenperature  Ra t ing  - 500'F (260-C) 

Conductor - Nickel coated cDpper s u i t a b l e  f o r  crim?ing. 
S o l d e r l w  is p o s s i b l e  b u t  n 3 t  r e c m , e n d c d .  

I n s u l a t i m  - ldineral  f i l l e d  extruded TFE (22 Mil) 

Fries I i n  s izes  20 Am througLl/O AW. 

T p e  I11 s h i e l d e d  and j acke ted  v i r e s  i n  s i z e s  20 A'.:? through 
12 AVG. 

E. BMS 13-40 (Ref 13) 

Maximum Temperature Rat ing - 3O2'F (1SO'C) 

C m d u c t o r  - E. C. g rade  aluminum. 

I n s u l a t i m  - Extruded c r o s s - l i n k e d  polyalkene primary, 
c r o s s - l i n k e d  po lyv iny l idene  f l x r i d e  j a c k e t ,  
c w e r e d  wi th  dacron and f i b e r g l a s  bra ids .  

S i z e s  6 AWG throuqh 3 /O Am. 

F. BMS 13-58A ( R e f  18 ) 

Maximum Temperature Rating - SOOOF (26OOCl 
Conductor - N i c k e l  coated copper suitable fo r  

crimping. Soldering is possible but not 
recommended. 

Insulation - Composite PTFE-Kapton-glass braid, 

Type I in sizes 6 AWG through 4/0 AWG. 
tape wrapped and fused. 

REV SYMG 
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3.1 (Continued) 

G .  B?IS 13-b8A (Ref 111) 

!.!axinun Temperature Rat ing - 302OF ( 15OoC) 

Conductor - T i n  c o a t e d  copper  o r  s l l v e r  coated h i ~ h  StrenEth 
coFper alloy ( s i z e  24) s u i t a b l e  for c r i n p i n e  aqd 

I n s u l a t  I on 

me I 

me VliI 

s o l d e r i n g .  

- Ext ruded  E t ~ ~ l e n e t e t r a T l u o r ~ t h l ’ l e n e  (m) 
6 !‘i1 n o m i n d  i n s u l a t i o n  i n  s i z e s  22 ?.!*:c t> rouc3  
12 AWG i n s u l a t e d  conductor  or t v o  o r  more 
I n s u l a t e d  copper conductors  t o  nake a n u l t i -  
conductor  cable. 

10 !.!il nominal i n s u l a t i o n  i n  s i z e s  22 
th rough  1 /O A%, i n s u l a t e d  copper conductor o r  
two or nore I n s u l a t e d  conductors  t o  make a 
mul t i conduc to r  c a b l e .  

10 !!il nominal i n s u l a t i o n  i n  s i z e  2L !.**c, 
i n s u l a t e d ,  s i l v e r  coa ted  , h i e h  s t r e n g t h  c o n r e r  
alloy conductor  o r  t v o  o r  nore insulated.  cayper  
conductors  t o  nake a n u l t l c o n d u c t o r  c a b l e .  

8 I ’ i l  nominal i n s u l a t i o n ,  s’hielded end ‘acketed 
s i n g l e  o r  mult iconductor  v i r e  o r  cab le  i n  s f z e s  
22 K.4C Throuyh 12  .S’c. 

e ! T i l  n o n l n a l  i n s u l a t i o n ,  s h i e l d e d  nnr! ‘acketed 
s i n g l e  or mul t i conduc to r  v i r e  o r  cab le  i n  size 
2h A!iG . 
8 !/il nominal i n s u l a t i o n  , Jacke ted  nul t i conductor 
c a b l e  i n  s izes  2L b ! Z  throuqh 12  P ‘ T .  

(Ref 1 7 )  

Maxlmum Temperature Rat ing - 
- 

Type I through Type V I 1  - 200°C 

Type V I 1 1  through Type XLIII - 150°C 

Conductor - Nickel-coated ‘coppers  t i n - p l a t e d  copper,  n i c k e l -  
coa ted  hf:<h-strength copper a l l o y  or s i l v e r -  
p l a t e d  h ig t . - s t r eng th  copper a l l o y .  

I n s u l a t i o n  - Fluorocarbon coated aromatic  Polyimide capes .  

- R E V S Y M  G 
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1 3 . 2  Wire  and Cab le  A p p l i c a t i o n s  

A. P r e s s u r i z e d  Areas - F o r  genera l  a p p l i c a t l o n ,  s e l e c t  f r o m  
the  f o l l o w i n g :  

1. BIis 13-16 

2 .  

Type I ,  S l z e  2 0  AWG use f o r  w i r e  p i g t a i l s .  

BHS 13-48A - S h e l f  and Panel 

Type V I 1  I , S l z e  20 AWG through 4/0 AWG, 
excep t  S i z e  22  AUG m y  be used I n  bundles o f  
t h r e e  o r  m r e  w i r e s .  

f' 

i 

I 

Type V I I I ,  C l a s s  1, S i z e  16 AWG th rough  12 AWG 

Type XIV, C l a s s  2 and g r e a t e r ,  S i z e  22  AWG and 
1 a r g e r  . 
Type XI, Class 1, S i z e  24 AUG. 

Type IX, S i z e  24 AUG, m y  be used i n  bundles 
o f  t h r e e  o r  mre w i r e s .  

Type XII, SIze  22  AWG and l a r g e r  

Type XIII, Size 24 AUG. 

I 

I 

3. BE 13-51 - General  A p p l i c a t l o n s  

Type XIV, Class 1, S i z e  22  AWG th rough 18 AWG 
and S i z e  10 AWG th rough  l / o  AWG ( s i z e  22 AWG 
i n  bund les  o f  t h r e e  o r  m r e  w i r e s  o n l y ) .  

r,, 
t\ 

Type XVII , Class  2 and g r e a t e r ,  S i t e  24 AWG. 

Type XV, a l l  c l asses ,  S i z e  22 AWG and l a r g e r ,  
s h i e l d e d  and jacke ted .  

Type X V I I I ,  a l l  c l asses ,  S i z e  24 AUG. 

4 .  BHS 13-35 Y l r e  s i z e s  6 AWG and l a r g e r  aluminum. 

U n p r e s s u r i r e d  Areas - For  genera l  a p p l i c a t i o n s  e x c l u d l n g  
s p e c i a l  w i n d  and m o l s t u r e  p r o v i s l o n  areas, engine areas  and 
l a n d i n g  gear  areas, s e l e c t  from t h e  f o l l o w i n g :  

1. 

2 .  BNS 13-35 Wi re  s l z e s  6 AWG and l a r g e r  alumlnum. 

I 

B. 

1 8% 13-48A Type V I I I ,  a l l  c:asses, i n  s i z e s  2 0  AUG 
t h r o u g h  4/0 s h a l l  be used. Type XII, s i z e  2 0  and l a r g e r .  , 



3 . 2  (Continued) 

C .  L a n d i n g  Gear - For applications on movable portions of the 
landing gear, wjre shal l  be selected from the following: 

1 .  EMS 13-48A Types VI11 and XII, s ize  18 AWG minimum. 

2. EMS 13-31 
applications where temperature may exceed 302 F ( 1 5 0 O C ) .  

Special Wind and Moisture Provisions Areas - For applications i n  
unpressurized areas subject t o  abrasion and f lu ids ,  wire shall  
be selected from the following: 

Types I or  1 1 1 ,  size  18 AWG minimgm f o r  

D.  

1 .  EMS 13-48A Type VIII , Size 20 AWG th rough  4/0 AWG. 

Type XII, Size 20 AWG and larger ,  shall  be used 
where shielded wire i s  required. 

2 .  BMS 13-35 Aluminum wire shall be used f o r  AWG 6 a n d  larger .  

E n g i n e  Areas - For applications where wiring i s  exposed t o  f lu ids  
a n d  abrasion, wire shall  be selected from the following: 

1 .  

E. 

E t 6  13-31 Types I a n d  111, Size 18 AWG to 8AWG u p  to  500°F 
(260°C). 

2 .  BMS 13-58A Type I ,  Size 6 AWG to 4/0 AWG ' ~ p  to 5OO0F (26OOC). 
3. H22-4000 Size 18 AWG where resistance to  flame i s  required, 

F .  Modules (All Areas) - Wire shall  be selected from the following: 

BMS 13-48A Type I ,  Size 22  through 18 AWG. 

Type X I  I ,  Size 22 through 12 AWG. 

Type I X ,  Size 24 AWG. 

Type X I  I I ,  Size 24 AWG. - 

Type V I I I ,  Size 16 AWG and  l a rger .  

3 . 2 . 1  Fire Detection and Extinguishing System 

A1 1 wire 
types ex 
to the w 
c i r c u i t  
the f i r e  

f o r  the f i r e  detection system shall  be codeL red. Wire 
ernal to e lectronic  boxes and m i n i m u m  sizes s h a l l  conform 
re requirements for the areas i n  which the f i r e  detection 
s routed. Fire res i s tan t  wire (Ref 9 )  i s  required i n  
zone area.  

REV SYM G 1 %  lP .CC 19 1 
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4.1 Connectors 

Lc .I .l Connector Wiring Design 

To f a c i l i t a t e  connector  a s s e i b l y ,  bundle rair.:er.sncr Ur! c c s s i t l e  
f u t u r e  C e s l g  c k a n ~ c ,  u t i l i z e  tk.e cer.:er cDzzact l x a r i x i s  3:' 
a l l  connectors  first. Use t h e  ;er i?k.er ia l  hole l c c i t i c c s ,  i:' 3 3 ~  
used o t h e r v i s e ,  as  spares. Ea:?. s x r e  r5s"vable c r i s ?  t;Te caali::: 
i n  an  envirormental  connector  s ! - . ~ x 2  t e  sca led  c i t k  a sealir.:  ;:-c 
t o  r e s i s t  env i ronzen ta l  cmtaz ias t ics .  =cv i rx -?en ta l  connec-.3rs 
i n s t a l l e d  i n  the unpressur ized  orea  should kave spwre con:ac:s ar.c 

con tac t  i n  a 7 o t t e d  connector  should tx t e r a i n a t e d  w i t 5  a 5 t o  7 
inch  long s-pre v i r e  of the l a r c e s t  s i z e  tk,e con tac t  Vi11 
accocrodate.. S7a-e v i r e s  skould be dead endcd and i d e n t i f i e d  v i t k  
t h e i r  r e l b t i o n s h i ~  t o  connector  i n s e r t .  

- 
s e a l i n g  p l q s  i n s t a l l e d  In all urased con'act c a v i t i e s .  b.. s rzrc  

The prefer red  design l o r  350 v o l t  v i r i n g  is t o  use s e y r a * , e  
connectors havinc  a l l  size 16 c o n t a c t  i n s e r t  a r r a n ~ e -  - en t s .  
op t ion ,  i n  a r e a s  wkere t h e r e  a r e  on ly  (1) or (2) 350 volt v i r e s  
being routed through a c3rb?ector, they  r a y  be added  w i t h  ot'-.er 
wire i n  a a lxed  insert a r rangecen t  of s i z e  20 and 16 c a n t a c t s ,  i f '  
the 350 v o l t  virics is i n s t a l l e d  in :ke size 16 con tac t s .  
s p e c l a l  ccnnector  c o n t a c t  a r r an3ezen t  is rcqui red  for v i r i n g  
c a r r y i n g  l e s s  than  350 v o l t s .  

As an 

30 

The pre fe r r ed  des ign  for 450 volt v i r i n g  is t o  u s e  s e p a r a t e  c 

connectors  kaving a U  s i z e  16 c o n t a c t  i n s e r t  a r r a n r e a e n t s .  
o p t i o n ,  vhere i t  i s  no t  p r a c t i c a l  t o  provide  sepa ra t e  c3n.?ectors 
f o r  450 v o l t  w i r e ,  an o p t i o n a l  des ign  concept of nafn th in ing  
unused con tac t s  around each 450 v o l t  v i r e  is acceptab le .  

As an 

Hermetlc style connec5ors should not  be used i n  a i r c r a f t  
a p p l i c a t i o n s  due t o  poor s e r v i c e  experience.  Be3t c o n t a c t s  and 
CleCtr iCal  i n t e r r u ? t i o n s  have caused :!lis s t y l e  O f  CO.",?eCt3r t 2  

be unaccep'able f o r  nev equipment dcs ign .  Consult  tt:c P o j e c t  
& l e c t r l c a l / E l e c t r o n i c  Cocponcnts Group f o r  a l t e r n a t i v c s .  

The fOlltlvInq usace provides  t h e  most d e s i r a b l e  cCnneCt@r t 7 - e  
se1ectif;n Cor m o s t  llodel 7 b 7  a?y?li r n t i o n s ,  nnd-?.inir.izes :he 
v a r i e t y  of connector  tries used i n  o rder  to 'nci1i:at.c c!': 'ectiv~ 
l o 6 i s t i c  suppor t  of a i r c r a f t  in t h c  r'ielc!. All a n n l i c a t i o n  0:' 
e l e c t r i c a l  connec tors  D u s t  be coord ins ted  vi:!\ tt.e Pro:ec% 
E l c c t r i = a l / S l e c t r c n i c  Coanponenti Group.  

I R E V  SYM c 
? 



L . 
I - . k .1.2 C o m e c t o r  S e l e c t i o n  

A. For  a l l  a ? ? l i c a t i o n s  v h e r e  Eoeing t.as a c h o i c e ,  ccnnec:ors of  
t h e  KIL-C-26500 ( s e f  20) t;r?es l i s t e d  below s k a l l  be u s e d .  
Cases  of l a r g e  w i r e  s i z e s  m d  e x t r e 3 e  e n v i r o h ? e n t  (flrcvall 
o r  fuel g a g e )  uay r e q u i r e  s p e c i a l  c o n s i d e r a t i o n .  
o r  larger  c o n t a c t s  shal l  be used. 
connectcws ~ h o u l d  b e  used in h i g h  v i 5 r a t i X  a r e a s .  

S i z e  ::2. 20 
Screw : t r ead  cou=lin;: 

M C C 4  5Fs 
BAcc45F-r P l u g ,  Baycnc: Zaupl  ing 

cW9A Cinch 1iulir .e TLcg Bayonet Caupl ing , 

P l u g ,  Tkreaded Ccu?: iz& 

Metal-te->!e*-al S h e i l  Zo::oning Hi$. Vit ra t icn  
Re s i s tan t 

9. The c o n n e c t o r  k a l f  s h a l l  be  s e l e c t e d  t o  ca:e xi:): equizzen: 
v h i c h  has  a non-s-andard ccnnec:3rl as  fo l l3ds :  

A - K P  AD Rack and ?anel 

Cannon DPA 
Cannon DPD 
Cannon 3P.Y 

Zannon Sutc:nl- t a r e  "D" Series 



5.0 * 

5 *l 

5.1.1 

5.1.2 

5.1.2 

5.1.3 

5.1.; 

5.1.5 

5.1.5.1 

j .1. i .2 

Bundles 

Vires In  cwmcn r3u te s  shall be bundled, u n l e s s  ot!?erwise 
s p e c i f i e d .  F i r e  b w d l e s  st.all be fir,?lj' 5 r i ? ? e d  cy t i e s  ami 
clamps at a l l  s q p o r t  ? s i n t s  :o o i c i z i z e  v i b r a t i m  eovenent.  

In t e rconnec t  Sundles  

Basic  p l u g - t o - p l * q  i n t e r c o r n e c t  S ~ ~ d l e s  between equipment 
c e n t e r s  s k a l l  b e  tiraly @;zed by ties and cldc?s a t  all 
support  po in t s  t3 a i 3 i n i z c  v ib , ra t i=n  = m e t e n t .  

In t e rconnec t  Bundles 

Basic plug-to-?luq in t e rconnec t  b-mdles  betveen e q u i x e n t  cen te r s  
s h a l l  be i n s t a l l e d  far all c c s t o c e r s .  Adequate wires  (Zara 
5.3.1) s h a l l  be ?rovided i n  tt.ese b x d l e s  Fc~r  Q?era:icnal s:,*ste=s 
and gtawtb. 1ns t ruce r . t  *ne1 6:d rac.c. shelf virir.? s k a i l  t e  
quic?Jy d i s c z n n e c t a b l e ,  a l l w i n g  f o r  ::.e cajoricy 2f c'-1six.er 
m r i a t i o n s  t o  be nade  i n  tk,e local equ!?aent c e n t e r  a r e a s .  

Production Break 

When a product ion break is r e q u i r e d  a t  a pressure  bulkkcad, t>.e 
v i r e  b u d l e s  shall . x s s  through aZnCc!:Z 3r s i c i l a r  t j T C  prcss-2ro 
s e a l  and connec t s r s  s k d l  be i n s t a l l e a  v i t h i n  the  pressurized 
s e c t  ion.  

S p l i c e  A c c e s s i b i l i t y  

AluminluP- to-co??er s p l i c e s  a t  each end of a l m i n u a  coi:d*ict3rs 
shall be a c c e s s i b l e  for i n s x c t i m  and re? lace=ent .  

Conrlector and Cable Assembly 

Leave surf!  c i e n t  excess  t*~qc! le  l e rg t ! : ,  a: s r  Rear cnct: cx.nec:sr, 
t o  permit a i i n i z i m  of t h r e e  c 3 ; ~ ~ c c : o r  resiicc3en:s.  :.15 i:. 
excess  bundle 1er.qt.h vi11 n o r a l l : /  ecc232l is t .  tt.is crt , jective.  I n  
h i g h  v i b r a t i m  a r e a s  the  excess  1enE:h s c a l l  be d i s t r i k u t e d  
between t h e  f i r s t  csu2lc  of c1a.c.r~. 

Connector c a b l e  c l aa3s  s h a l l  be  serf 3n bot?. Dlu: and r e c e 3 t a c l r  
i n  unFressur ized  a r c a s .  C x ~ q e c : 3 , r  cab ie  c l a x s  sr.all be use5 if? 
p r e s s u i z e d  areas only under the f>lli-.ui:g s p e c i f i c  condi : i 3 n s :  

1. Connectors of f r c n t  removable i n s t r u c e n t s .  

- -  

R E V  SYM !: 
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5.1.6.2 

1 

5.1.8 

5.1.8.1 

. 1 . 3 . 2  

R E V  SYM D 

- - - - -  ---- --- 
sert arranzc=er.t or  different  shell site i s  htrdr*F* 
w e l ;  korever, u c k  i n s t a l l a t i o n  zkoult t e  rev;,.-,, 
and revhed as rrecersary t o  prevent rJscatL13 p s s i b i - * . ,  . 
Wire Sreakouts 

i)U7201 Para 12L.313 Is w o l l c a b i e .  . .  

Wire Identiffcation 

Gc n e r .II 

The inter,: of  t h e  7L7 wire ident i f i c3 t fon  systez  Is t o  ~ r o v i ~ c  

concern i s  to  provide a re l iable  ec;L-ieerins cont.ro1 0:' c irc- . ;  -,t 
connection 51 aire  i e e n t i f i c a t i o n .  

a trace3Sle 'hre  m b e r  to the  >,axL?a ercfent m s s i b l c .  ::L:.ar= - 

The 7h7 wire nuzber 
two l e t t e r s  and one t o  fcur d i ? ; i t s  or  one di; i t ,  one l e t t e r  e22 
one t o  four diqits. 
e s t a b l i s h  s e r i - 1  +-re n*&zoe: w i t n F n  the systezt. 
ing wire Ident i f icat ion rystea. 

i s  an alpha-cue:ic cocbbation o f  one 07 

Letters indicate s:tstta function rind ciz!f:t 
Use t h e  f011:'~= 
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Uire Smber Control 

The wire nes ter  sF.a:l be controlled ky ',he engineer res?cnsiSle fc r  
the  sys te . .  
ncz5er used" within the syscea. 

Rase 1dentl:lcaticn 

=.e engineer sI=L?. be contln-msly aware of the " l a s t  

Spare W i  r lag 

General C ?are W ?  r i n 3  

Ternlnazions 

c 



. . a *  -.  _. - .  1 

UIU of sp l i ces  r h c  be kept t o  a Cisi== m d  ~ q v  be csed C E : ~  IS 
fo l lovr  : 



5.1.11 Cable Slceving 

5.1.12 

5.1.13 

5.1.11; 

S . l * l ~ . l  

The use of cable  rleeving r k a l l  be avoided except utere regu'zed 
t o  p r o t e c t  :be wire t r c a  clati.?g or v t e r t  i t  e u s t  b e  used :o 
achieve ulre se ;a ra t ion ,  W.en r l e e v i q  i s  used, it should t e  
secured 4 t  both  ends u i t h  cable cki3s8 C3nnecfOr cacxske l l  :lmpr 
or by tying u l tk  a card, 
the r'tandby ?over rys ten  w i r i n g .  

Type and I n a U a t i o . ?  stall be per D6-1>053, R e f  &. 

Graea sLeevir4 s t a l l  be used c r . 1 ~  f o r  

Pjirq Cord 

Sca l ing  

Sealin; a t  ?resr*L-e bulkheads stall be d z x  per 3ACSCCO (?.c. '21)  
and aAC5lOs 1is:ed ur.der "Roces r  S p e c i f ~ c a t l o n s "  k MZ31. 

Hlgh Vlbrat ion k e a  Asseably Tecknique 

?..e Model 'lb? t.igh v i b r a t i c n  a reas  
vheel vel:, landir.3 gea r  and enpenna~e, Wire bw.dlcr wklci.  rou:e 
l n  these  a r e a s  a r e  sab tec t ed  t3 ext r t t ,e  levels o f  ceCtMi:ail;. 
induced v i t r a t i o n a  c rea ted  by :he cz;iner, f l a p  drive to:ors, fxl 
pun?s, gear  r.ec'r.anls=.s and vlnd t u r h l c ? c e .  I n  addi:iz3, severe 

inc lude  tke  vlng, cngiae S % f u t #  

enviroh-.ental condi:iozs Iavolvlng ex;osuze t o  h e a t ,  co ld ,  :ol 
kydrarrlic f l u i d ,  %el rad d i r t  a r t  encotmfered.. =.e c3z-.Slne:! 
effects  of these c9zditims can t c  acce le ra t ed  due t o  tt.e sse 3f 
atand-off ' s  arA tracketa. hr r rke r  problerr can be i.?:rcdxc2 by  
tke use of l o o s e f f t t l n g  cla=?s, i=gro:tr rlad< distriSutita, 
lncor rc  - t 9rzkG a f  breakwtr e d  1asaCfl:lcct b*ux?lc t i es .  Tke 
net  r??c I t  of  ttx rC3rcc.enticzed condl:l3nr can be rer!oQs 
r b r r s i  
wire i *.alla:lor. i n  r e r v i c e .  

( w a r )  of t k e  vire ! c su la t lm  m d  skarrened l i f e  o f  t h e  

REV SYM E 



5.2.1 Routing of Wiring 

IH72B1, Para l24.413, is a p p l i c a b l e  with th,e fo l lov ing  exce3t icns  
and a d d i t i o n s :  

Coaxial cables, c r i t i c a l  and e=er:ency c i r c u i t s ,  and gene r s t3 r  
feeders st.:all n o t  kave any breaks except  as  s ? c c i f i c a l l y  ?raviried 

p r O V 1 s l C r . s  3: -ra 5 . 1 ,  st.all  t c  as  providel! b e l w :  
. by Engineering. : r e d s  i n  otP.er u i t ! . ?~ ,  i n  a d d i t i o n  t:, tt.e 

C. W1rl:g f r o 3  the e a x n n a g e  t o  %e body ( inc l . i c inq  c c a x l a l  c='slc) 
may be brc:d.en :bnnrd of t k c  a!\ ? r e s su re  bid.-:h;esd t 3  ? r ? r . : t  

subcontractDr v i r i n q  a €  t?.e er=?er!aae. ';ires :assin(; t k r c q k  
t h i s  dlsconnec: s h a l l  no t  Se broken a t  t h e  d i s c m n e c t  note8 i n  
para 5 .2 .L .A .  atove.  

. i?-  .-.*\ D. Passenger Se rv ices  wi r in?  frza S e c t i o n  k l  a n d . k 2  t e r z i c a  
i n  S e c t i o n  Irk ray 3e  brcken a t  the  S e c t i o n  u2-LLLc j o i z t .  
A d d i t i o c a l  dreakt i n  ?sssenger  s e r v i c e s  virir .5  w i l l  be 
7 e r c i t t e d  as necessary to provide %?.e c a y a b i l i t y  t o  echie-rc  
maximum ?.exiSi l i ty  i n  s e a t  s-+cir.l;. and cabin  c3nf iq - J r s t i ca .  

E. Sreaks t o  ? rov i Je  for re=o*ral and renlacemen: 21' a s s e z k l i c s  
such a s  la..!~?i:!3 ccac,  jeers, e:c., vi11 be ? ? w i d e ( !  RL 

necessary .  



5.2.1 I n a t a l l a t i o n  Techniques (CoatFnued)  

F. A b r e a k  may be used a t  t h e  v i n g b d y  j o h t  i f  one of t h e  
following c o n d i t i o n s  eadst: 

R E V  SYM 3, BOAFJNG 

1. 

NO. 96.- 1 jC46 f 
P a c t  7.4 

2. 

3- 

Y i r e  size change a t  t h e  King. 

Leng th  of wire r u n  in t h e  body is g r e a t e r  t h a n  n i n e t y - t u o  
feet. 

Conmctor use is apa roved  oy WirinP I E s t J l l a t i o n  Group 
supemisor  . 

C. There shall be a t  l e a s t  2 in. s e p a r a t i o n  be tveen  vir% and 
L ? e s  canying f u e l ,  h y i r a u i i c  f l u i d ,  o r  oxygen, and b c t v e e n  
wFring and c o n t r o l  c a b l e s .  TLs s e y a t i o n  nay be reduced. :o 
less than 2 in. o n l y  *.5th Z n t i n e e r k q  a p z r o v a l ,  Fn wnich c a s e ,  
p o s i t i v e  s u p p o r t  or z iechan ica l  p r o t e c t i o n  must be prov ided  t o  
p r e v e n t  act  t a l  c o n t a c  t . 

1 I 
I 

I 

I !’ 

I 
I 

I 

I 

I 
I 

3. P a i n t a h  a d n i s u m  of 1/2 i n .  s e F 3 t i o n  between vir:ns a r i d v a t e r  
Unes, p i t o t  s t a t i c  Lines, e : c .  ‘32s s e p a r a t i o n  r a y  be t cduced  
t o  less than 1 /2  in. where p o s i t i v e  s u p a o r t  is prov ided  to ;re- 
t e n t  ac tua l  c o n t a c t .  

i 5.2.2 S u p p o r t  of Wiring 

DWZSl, para 124.415, with the f o l l o v i n g  e x c e p t i o n s  and  a d d i t i o n s :  I 
j 5.2.2.1 Suppor t  Requ i remen t s  

’. . A .  Do n o t  i n c l u d e  vires o f  a n o t h e r  c i r c u i t  i n  clamps s u p p o r t i c q  
main pover  f e e d e r  vires e x c e p t  inside j u n c t i o n  boxes and s h i e l i s .  

I 
S u p p o r t  o f  :lo. 22 ax! smaller w i r e  s h a l l  be ?rov:ded by routi.?; 
in b u n d l e s  of t t r ree  o r  more w i r e s .  * h e r e  t u s  c m o t  be 
a c h i e v e d ,  special. c o n s i d e r a t i o n  curit be g iven  to t h e  h s t a l l a -  
t i o n  t o  p r o v i d e  a d e q u a t e  o e c h a d c a l  su=.-ort for tk.e virAn5. 
order of p r e f e r e n c e ,  possible des:,- s o l u t i o n s  L-P : 

1. Rebundle w i t h  o t o e r  ercs .  

2. T i e  t o  a n o t h e r  bundle .  

9. 

I 
in 

3. P r o v i d e  a d d i t i o n a l  6u~;pbrt by:  

a, 

be 

C .  

d .  

L o c a l  r e r o u t e  t o  o b t a i n  d l o r t e r  breakouts. 

A d d i t i o n a l  clamp p o i n t s  (arcroximately six Fsch i n t e r v a l s )  

1 

Use of c o n d u i t  or p l a s t i c  r d .  

Tie t o  b r a c k e t s  or o t h e r  s t r u c t u r e .  

h .  I n c r e a s e  v i r c  gauge. I 



SUF~OZ% Requirekznts (Con t inxed)  

C, As an objec t ive ,  tdre support L ! t e m a l  s h a l l  be PO in. or less. 
A support s p c i n g  of 2b in. shall not  be exceeded. 

W i r e  Su?port Provisions 

LYC7281, para 121r.Ll5, w i t h  the following exceptions and adLi t ions :  

A. Where four o r  xore wire bundles are installed a t  one locat i3n 
and the t o t a l  cross s e c t i o n a l  =e2 of *Are exceeds 1 . 2 5  EC ic,, 
use a ra2e;ray c1z.i~ (?:*~I225 m i  =.::!XCZ!?) exces t  *h 2 y e 3 s  b%e:e 
teslpcratcre ex=r?eb160'? :,? tkc xhael  yells, er.qi,?ns c: ;$ore 
separation or' *wire 5unCles is :e;ui-ed. Z se?ara%,isr. 0:' * i r e  
bundles i s  recuired, use :-I-ulti;le 'Re Plate YT%( 1 r-.i S3T2 
or SS.Tb StJ-Strap. 

I 

I 
1 
! 
I 

I 
I 

I 

i 

I 
I 

I 

I 
i 
i 
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I .  

5.2.2.2 Wire S u p ~ o r t  Provlsioar (Contlauud) 

8 .  For general purpore use i n  the  pressurized u e a  *&ere tkere c e  
three or less v i r@ b u C c s  rcd the crcrs recz,i:crl %-ea >? -:i:g 

1s l arr  than L.25 sa. in., cse rtsntard gantui: ESfl.5. S - C Z  3: 
SSTL S t a d t r a p  a d  E.2 cr ZJ3 =aut. Cacceptises fa t h i ?  2 e s i s  
practice u e  as follo*rr: 

2.  Pover Feeders. 

3 .  Sundles 1.25 ?a. in diareter or larger. 

5 . 2 . 3 . 1  Protect r1rir.g ?assing thr5b-k a hoLe in %he s:rU:tlre v i th  4 
ruppor: c l c ; ,  plua secondary prstecticn rucS as a Crcce t  o r  
I a1 rl t ad, 

5 . 2 . 5 . 2  Condui f 

1 



5 . 2 . b  S e p a r a t i o n  o f  Sys t ems  or C t r c u l t s  

The folloving shall b e  c o n s i d e r e d  as a m i n i m u  i n  e s t a b l i s h i n g  
s e p a r a t i o n  r e q u i r e a e n t s  : 

A. The n e c e s s i t y  of i s o l a t i n g  flight c r i t i c a i  sys t ems  or 
c i r c u i t s .  

8 .  The n e c e s s i t y  of  aalntainina t h e  redundant or s t a n d b y  
c a p a b i l i t y  of f l i g h t  c r i t i c a l  sys t ems  or c i r c u i t s .  

C . '  ~ h c  n e c e s s i t y  of i s o l a t i n g  or s e p a r a t i n g  EMI c i r c u i t s  a s  
r e q u i r e d  by c a t e g o r i z a t i o n  f o r  RU. 

D. mere wire is installed for F a l l - O p e r a t i o n a l  Autoland S y s t e m  
or  p r o v i s i o n s ,  s e p a r a t i o n  of v i r e  b u n d l e s  by  Fal l -@erat iznal  
c h a n n e l  c l a s s i f i c a t i o n  1s requl. d. R e f e r e n c e  Dm 9.15 and 
D6-1!053. 

5 . 2 . 5  F l i g h t  S a f e t y  R e q u i r e n e n t s  

l M M B l  Para 124.k7 with t h e  following a d d i t i o n a l  e x c e ? t i o n  is 
a p p l i c a b l e :  

5.2.5.1 Se-parat ion of  C r i t i c a l  C i r c u i t s  

mere p h y s i c a l  s e 7 a r a t l o n  between groups of v i r e s  is r e q u i r e d  
for s a f e t y  r e a s o n s  ( n o t  r a d i o  n o i s e ) ,  u s e  t h e  folloving 
p r o c e d u r e s  s ta ted i n  t h e  o r d e r  of p r e f e r e n c e :  

A .  

a. 

C. 

D. 

S?ace S e p a r a t i o n  of Bundles  of Groups of Vires  

This can  be a c c o a ? l i s h e d  by u s i n g  separate r a c e v a y s  OT 
s e - r a t e  r o u t i n s .  

To a c h i e v e  s e p i r a t i o n  of  i n d t v t d c a l  .grau?s of v i r e s ,  t h e y  
may b e  ? k y s i c a l t y  se?arated o r  p r o t e c t e d  v i t k  g l a s s  s l e e v i n g  
or p l a s t i c  t u b i n g  I n s t a l l e d  ? e r  Od-l-\C43, a e f .  4.  
t u b i n g  st.all no: b e  u s e d .  

V i n y l  

S e w r a t i o n  by Group 

Where gr!x?s of wires a r e  t o  be s e p a r a t e d  s o  as t o  be 
r e p l a c e a b l e  a s  a gr3u3 or t o  be se-=rated from d i r e c r  c c n t a c t  
vLth s p e c i f i c  v i res  i n  a n o t h e r  g r o u p ,  se?;lrate CyinE, o f  
v i r e  g r o u p s  c a n  be used .  

Ao S e p a r a t i o n  o r  s o n - C o n t r o l l e d  System. 

*.en no p a r t i c u l a r  requirements aoply or  a r e  s t a t e d  by 
System e n g i n e e r s ,  t h e  vires from various systems may be 
l n t e r m i x e d  a t  random. 

5 . 2  3.2 Sepera t ion  of C r i z i c a l  Circuits ( E l e c t r i c a l )  

U G T R 1  ?a73 l2b.h7l is a ? p l i c a b l e .  

D 
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5.2 .5 .3  S a f e t y  Provis ions  
I 

A. LIirFng t o  Engines ' 1  
Physical separation and p r o t e c t i o n  of  wire bundles  is re-  
q u i r e d  t o  reduce tne r i s k  of  dazage i n  t h e  turbine S u x t  
area. Outside t h e  turb ine  burst artd,  i f  F k p i c a l  se;2.-'- ! 
t i o n  cannot be R a i n t a i n t d ,  a e p r a t i o n  .=st be acco=zl iscei  : 
by u s e  of f i b e r g l a s s  or p l a s t i c  s l e e v i n g  i r x t a l l e d  -,e? 
Db-l]3jj. 'liriyl sleevinq sizall not be used,  A dcts;' 
p l a n  t c  recornend *Inre l o c a t i o n s  and e f f e c t i v e  t w z l e  s z c -  
arat ion i s  Fn pre.-ration. As a minFnun, the objec:i.;t 
l i s t e d  belou Vill reduce t h e  loss of i a s t n n e n t a t i o n ,  =OK- . 

trol and p r o t e c t i o n  f r o m  f r a g r e n t  i n p c t s .  
ments are a p p l i c a b l e  fmn t h e  e n s i n e s  t o  t h e  panel  i r . t e 3 ~ 2 -  
t i o n  c o n x c t o r s ,  

I 

I 
I 

h c s e  rec.:ir-r- 

I. 

2 .  

9. 

4 .  

5 .  

6. 

7 .' 
a. 

9 .  

In 

Wires t o  each en3ine f i r e  d e t e c t o r  should be rou ted  i n  

Route f i r e  e x t i n g u i s h e r  MLVC and f i r e  d e t e c t o r  v i r e s  
so  t h a t  a Raxipzlm amount of p r o t e c t i o n  i s  provide3 e* 
structures.  

Route !I1 and 112 F n s t N s e n t  w i r e s  f o r  each engine i n  
separate bundles. 

EGT w i r e s  s h a l l  be in se.pr3t.e bundles fmn t h e  pressgJre 
r a t i o  and f u e l  f low v i r e s  for each engine.  

The inlet d e - i c e  xire3 t o  one enTinc s h a l l  be a s e p r s t e  
bundle from t h o s e  of another enqine.  

On each e n s i n e  the t h r u s t  reverser i n d i c a t i o n  and exten-  
s i o n  c o n t r o l  w i r e s  s h a l l  be i n  s e p a r a t e  bundles. 

On cach engine ,  I p i t i o n  !!o. 1 vire must be routed sec- 
a r a t e l y  fror : p i t i o n  No. 2 w i r e .  

On each ergine t h e  o i l  l o w  p r e s s u r e  w a n i i g .  3 rd  oil 
pressure i n d i c a t i o n  v i r e s  s h a l l  be i n  s e F r a t c  k ? c i l e s .  

On each engine t h e  two enqine v i b r a t i o n  i n d i c a t o r  *<ires 
shall b e  in 5eFarat.e bundles .  

Vibra t ion  t r a n s d u c e r  wires s h a l l  not be muted i n  Z?J 1 
1 connectors containing r\C or p l s . l t L n g  Lx: c u r r e n t s .  

I 
separate bundles. ! 

I 

, 

I 

I 

8. Fuel Boost w s  

0,7281 Para 12L. L7L is a p p l i c a b l e .  
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5.2 .5  ..! (CJnt inued)  

D. Alr  C o n d i t i o n i n 3  Equl;=ent Area 

5.2.5.b 

5.2.6 

5.2.3.1 

5 . 2 . 5 . 2  

5.2.3. :{ 

5.2.6. .. 

j . 2 . y . 5  

1. N:, virin5 s h a l l  be  rou ted  i n  t!-.e a i r  conditioniad 
eauipnefit Area *unless i t  is c m c e c t e d  :o t h e  ccuirxllcnt 
Lis 'cal led in z k i r  a r e a .  

All w l r i z g  in :>is a r e a  susz be non-wi:Klng 
i n s t i l a t i a n  c m s t r u c t i o n .  

2. 

3. C m n e c t o r s  gsed i n  :P.is a r e a  n a s t  be e x ; l X i D n  p r 3 3 f .  

4 .  Connectors  st-.all be > s e d  :a t e r n i n a t e  3r j 3 i n  v i r e s  
v h e r e v e r  p o s s i b l e .  h l e r e  3tkcr means a r e  r e q u i r e d ,  
t h e  J D i n t  s k a l l  bc 2 o t t e d .  

and f 3 e l .  

S a f e t y  Provlsi: ,ns ( E l e c t r o n i c s )  

UT7291 Para  124.435 is a p ? l i c a b l e .  

E i & k  Vibra t iDn  Ares  I s s t a l l a t i o n  Techniqaes  

The t.!oc!el ?hi' h i g h  v i t r a t i o n  a r e a s  a r e  f e f l n e d  i n  &-::C5:, 3 e : ,  4. 



5 .2 .7  

5.2.7.1 

5.2.7.2 

Routing of Pwer Feeders i n  Proximity to Fuel Lines. 

bwer feeders r o u t i n g  in proxirmty to f u e l  lines shall canply  
with the applicable requirerrents  of Paragraph 5.2.  

F?wer feeders (AWS 8-CU/hlrlG 6-AL and larger) which route 
wi th in  36 inches of a fuz l  line in the fuselage shall be 
shroged by a continuous e l e c t r i c a l l y  iF.sulated TFE sleeve 
or q u i v a l e n t .  
is not to  be considered as an e q u i v a l e n t .  

Slit or m?rlapl>ed i n s u l a t i o n  of an'l form 

PEV SYM H 
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mBl, Section 74, is noted 'Ta be Added Later." 
i r  appl icable:  

The fo l lnr ing  

8.1 HACKETIC OR ELBCT3aTATIC COUPLCCG 

Most magnetic and e l ec t ros t a t i c  coupling can be cont r i l l ed  by 
v i r t  sewra t ion  and skleldiag practices.  

As a hasic general scparatioa -,hilosoghy for the 7b7 airplane,  
vhere system seykration for  safety is not involved, the heavy 
current carrying cables, 9osrer d l s t r ibu t ioa ,  and suitckinq cables  
shall be rvJtec! on the 3.H. side of the Paselage az?d the 
electronic  cables s k U  be routed on t he  L.H. s ide  of the Pitelage. 

All i t e n s  of equlpaent, wire buxdles, e t c , ,  re la ted t o  one ?aver 
supply sha l l  be separated frm 'zose'related t o  another, insafar  
as pract ical .  
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9.1 

9.101 

9.1.2 
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CNTRO!!TAL CRITZZIX 

DX 7281, Sec t ion  180, is a p p l i c a b l e  u i t h  the f o l l o d n g  exceptio- 
md add i t ions :  

Fig. 1 tihovs s e v e r a l  major e n v t r o n c e n t i l  weas  i.? t he  7 k 7  aLrplar,e, 
each  r e q u i r i n g  d i f f e r e n t  t y c e s  of vir ic lg  and i n s t a l l a t i o n  t zea txen t .  
These areas, and the  e n v i r o m e a t  with a s s o c i a t e d  e q u i p r e n t  p r o b i e u  
t o  be expected in each,  a r e  def ined  bs fol lows:  

Those a r e a s  isside the  ~ o s s u r o  s e n  which vould normally be held 
a t  a low pressure  a l t i t u d e .  T h i s  h c l u d e s  the  a l r ? l a n e  emin body 
f r o m  the  .Fadoze Fressure bulk!ead t o  the  a f t  v e s s u r e  bulkhead v i t h  
t h e  except ion  of the  wheel veUs.  

Passenger cabin  under nornal c o r d i t i o n s :  

Temperature: Cool t o  80.S sea l e v e l  t o  10,OOO f t .  
* Cool t o  70°F 20,000 f t  a l t i t u d e  aod above 

Pressure : Cabin a l t i t u d e  of 8,OOO 2 250 f t  a t  a f U g h t  a l t i t u d e  
of 45,100 f t ,  
Sea l e v e l  cab in  t o  f l i g h t  a l t i t u d e  of 23,100 ft. 
The u m d m u n  normal cabin  p re s su re  d i f f e r e n t i a l  s h a l l  
be 8.9 t .1 p s i .  

F r e i g h t e r  cargo compartment under n o r z a l  condi t ions :  

Temperature: 40.F m i n i m u m  two inches  from i n t e f i o r  l i n i n g .  

Cabin a l t i t u d e  of 8,COO + 250 f t  a t  a f l l g h t  a l t i t u d e  - Pressu re  : 
Of 45,100 f t .  

The m x l ~ u m  normal cabin  pressure  d i f f e r e n t i a l  shall 
be 8.5 2 .i ps i .  

Humidity : As high as one-hundred percent ,  h c l u d i n g  condensat ion,  
pray be encountered. 

Condensation - Service  experience has c h o n  thAt in some l o c a t i o n s  
moisture  cocdecsat lon c o l l e c t s  ayd r u s  down v;,re bundles.  The b t r e  
bundles  m u s t  have d r i p l o o p s  t o  stop the condensation from e c t e r i n q  
the  plugs. Connectors oust be o r i e n t e d  on equicment i n  a h o r i z o n t a l  
o r  downward d i r e c t i o n  so the cocdcnsat ion cannot c o l l e c t  i n  the  p lug  
backshell. 

FLuids - X few cab in  and cargo space loca:io=s, such as g a l l e y s  a=d 
t o i l e t s ,  a r e  desi-atec! as hydraul ic  f l u i d  (3's 511) e q o s u r c  c e r s .  
Uce of connectors  ir. zbese aztas should be avoided where - ,oss ib lc ;  
behen u e d ,  wire and connectors  s h a l l  be provided vi:h moisfure pro-  
t e c  t ion.  
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Those u e a s  o u t s i d e  ' t h e  prrasurr skin which u e  n o m i  p r o t e c t e d  
from t h e  w e a t h e r  s l e o e n t s .  This i n c l u d e s  t h e  tail con8 a f t  of the 
prrsaure b u l k h e r d ,  t h e  radome u e a ,  t h e  v e z t i c a l  a n d  horizontal 
e t a b i l i z e r  i n t e r i o r s  apd t h e  fln i n t e r i o r .  

Tempera tu res  range from -54.C' t o  471.C (-65.F t o  +160*~> v i t h  an 9.2.1 
i n c r e a s e  t o  +85'C af ter  prolonged exposure.  P r e s s u r e  a l t i t u d e s  .. 
f r o a  1,ooO f t  below s e a  1 0 ~ 0 1  t o  45,100 It above s e a  l e v e l .  -. , 

- N W E :  ( * )  The - 9 . C  i n c l u d e s  ram rise c o r r e c t i o n s  for o u t s i d e  
t e m p o r a t u r e a  in f l i g h t  which any be u low as -6o.C 
(-U2'F) 

9.2.2 V i b r a t i o n  - Landing gear and engino u e a s  u e  h i g h  v i b r a t i o n  a r e a s .  
Some tai l  c o n f i g - z a t i o n s  a r e  also high v i b r a t i o n  areas.-:-'Jse of 
bnyonet  coupled c o n n e c t c r s  in high v i b r a t i o n  areas shou ld  be avo ided  
u n l e s s  the l o n g  term h i g h  v i b r a t i o n  . c a p a b i l i t i e s  of the  c o n 3 e c t o r s  
=e known. 

9.2.3 N o i s t u r e  - Tra?ped a i r  s y c e s  ln c o n x e c t o r  or e q u i p s e n t  t end  t o  fill 
v l t h  condensed c o i s t u e .  Boxes st.all have d r a i n  hDles.  b i n s  h i g h  
a l t i t u d e  f l i g h t ,  t h e  a i r  leaks f r o 3  t h e  t r a p p e d  a i r  s;ace i n  
c o n n e c t o r s .  
h u m i d i t y  a i r  r t t c n s  t o  t h e  t r a??ed  air space .  
t o  a l t i t u d e ,  condensed water vi11 f i l l  t h e  a l r  s a a c e .  Con.?ectors 
m u s t  be o r i e n t e d  so v a t e r  c a n n o t  a c c u r u l a t e  i n  t h c  r e a r  01' :>:e plugs .  
A i r  p r e s s u r e  c y c l i q  c a n  d r i v e  t h i s  w a t e r  i n t o  t h e  c o n n e c t o r .  

U?on r e t u r n i n 3  t o  low a l t i t u d e s ,  h i g h  t ec : e ra tu re /h igh  
A f t e r  a f e w  P-ig-.ts 
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9.4 

9.5 

9.5.1 
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SPECIAL W D  AND l!OISnmE PROVISIONS AFEA.5 

Those a r e a s  o u t s i d e  the  - ,ressure s k i n  vhich  a r e  e q o s e d  t o  the  
u e a t h e r  elements of v i n d ,  ra in ,  sand ,  e tc .  P e r i o d i c  c l e a n i n g  vitk 
d e t e r g e n t s  is  r equ i r ed .  T h e  cleanifia d e t e r g e n t s  a r e  n o r s a l l y '  
hpp l l ed  a t  1bO.F t o  1CO.F under p re s su re .  

Those a r e a s  inc lude  %he wheel v e l l s ,  l and ing  g e a r s ,  wing leadin: 
edge, u ing  t r a i l i n :  edge, and h o r i z o n t a l  and v e r t l c n l  s t a b i l i z e r  
t r a i l i n g  edges. 

T e m y r a t u r e  and d t i t u d e  ranges a r e  t h e  s u . e  as o t h e r  unpresscrite:! 
a r e a s  wi th  the a d d i t i o n  of the  above a b r a s i v e  elements .  

C W U S T I B L E  AREAS - Rme 2,  D6-'13006 

Those a r e a s  i n  vhich  leakage  of  comtus t ib l e  f l u i d s  and vapors zay  
OCCL-, such as:  all v i n g  a r e a s ,  engine s t r u t s ,  = i n  wheel veL l s ,  
u p r e s s u r i z e d  a r e a s  of Sec t ion  k 6 .  

High t e c p e r a t u e  a r e a s  a r e  those  a r e a s  i n  vhich t h e  t e o p e r a t u r e  
may exceed 135'C (275.F). 

The high temperature  areas inc lude :  

A.  Areas on the  en3ine s i d e  of t h e  f i r e w a l l s  f o r  t h e  main ?over 
p l a n t s .  

R. Areas a d j a c e n t  t o  b l e e d - a i r  d u c t s  i n  the  a i r  cond i t ion ing  ksy. 

L i m i t a t i o n  of Equipment 

Poth c o m e c t o r s  snd wire  have l i a i t e d  h i c k  t en?e ra tu re  c a y b i l i t l c s .  
L c r q  t h e  (5 ,CCO h 3 c s )  capabi1i:ies a t  raxizum t e q e r a t u r e  a r e  
desirable. 

iM 7281 s e c t i o n  190 is  noted "T3 be Added Later". The f a l l c x i n g  is 
s ? ? l i c a b l e  : 

P o t t i n g  of  connectors  s h a l l  be avoided on ft.t 747 a i r r J l sne  where 
2 o s s i h l e .  '&ere p o t t l n c  and enca?su ln t ing  a r c  necessa ry ,  t k e  
problen st.ould be r e f e r r e d  tci t h e  E lec t rDdpamic  S ' a f f  Croup for 
special cons i5c ra t ion .  
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4.5 

4.5.1 

, 

'4.5.2 

DOUGLAS 

Category Y - Isolated Y f d q  

$12 E CODE IOENT NO. 

A' 88277 W ZZ7002 

Miring I n  this category contains circuitry associated With specific 
electrical functions necessay f o r  fl ight. C i t x u l t s  other than coaxfal 
cables tha t  fa l l  Into Category V are isolated because of their e x m e  
susceptibil i ty or emissions characterfstlcs. fhe n!qUlrtmentS of wiring 
Separation an? extended for  Category V cables f n  tha t  they mny not be 
grouped with other cables o f  the same classiffcation. Each cable o f  thfs 
p u p  0ust be isolated.  Oavfation ftoe this requirement mst have the 
approval o f  EM= Engineedng. 

Categor); V fnclbdes the fallowfrtgg: 

( a )  A 7 1  transmissfon l ines ,  waveguide and coaxial types, associated w i t h  
radio and radar equipment. 

( b )  EIectro-exp7osive devices (Ea) t ha t  a f fec t  f l i g h t  safety, passenger 
safety, crey safety, or mission SUCCCSS. 

(c )  

( d )  Primary generator output feeders. 

SepatatJ on Requirements 

(a )  

Fire  warning, fuel and LOX quantfty systems. 

Individual uircs, vfth the exceptfon o f  p d m a r y  pcnet feeders, shall 
be spaced a minimum o f  thme inches fmm each other, and a l l  other 
catega rf e s. 

cables may be uped to ether. 

coaxial cables shall not be grouped, nor shall any others used f a r  
the dual  purposes o f  receivlng and trannnftting- 

Primary generator output feeders shall  be muted as described In 
Paragraph 4.5.4, 

( b )  Receiver coaxial cables*& be grouped together. Transmitter coaxfal 
es shall n o t  be mixed 

i n  a group; ne r Mer. shal Q dfssiruiE?&t;sx bundled. Transceiver 

( c )  

Special Y f r e  treatment 

( a )  k l t i p l e  p o i n t  grounding shall be used for coaxfal cables w i t h  a 
minimum o f  a ground a t  each end o f  t)le run, and the shield making 
citcrnnferentfal contact a t  its termination. 

(b) Other wfring f n  t h l s  category shall be shielded and ground as 
provided for by the designer. 

( c )  P r i m a y  powr feeders are not to be shielded or twisted. 

( d )  Twist wires as indicated by the system designer. 

t I I 
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4.5.3 

4.5.4 

Safety o f  F l ight  Requirenents far Separation 

SeparatJon o f  thfs  category wirfng i n to  two or more groups for the purpose 
o f  physlcal lso lat fon for damage control reasons will be sultably 
fdentlffed W i t h  an appropriate code. 

PrfmaTy Power Feeder Cables 

The prfmy power feeder cables connectfng the prfmary AC power generators 
to load center  shall be routed as Category Y. the primary feeder cables 
shall be'spaced a mfnlmm o f  12 Inches frm any other category and between 
feeder runs from separate generators. 

I 

t 1 I 
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ELECTRICAL 

Table 4. WIRE SEPARATION SUMMARY . WZZ7002 
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a inch- 
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ABSTRACT 

“his document provide6 the  gu ide l ines  for wire rout ing  separa t ion  
and power ~ o u r c e e  separa t ion  necessary for isolation of  c r i t i c a l  
systems. 
hazardous malfunctions o r  aimultaneoud 106s of redundant power 
rmpplfcs or redtimiant equipment fun’ctione due t o  f a i l u r e s  6Uch as: 

The ob jec t  of t he  c i r c u i t  aepara t ion  is t o  prevent 

1) Fire o r  damage t o  any wire bundle,  

2) h a s  of  any s i n g l e  connector ,  

3) F i r e  i n  a j unc t ion  box, o r  

4 )  Engine tu rb ine  buret .  

Theac requirements apply t o  any e l e c t r i c a l  equipment o r  system 
for which t h e  proper funct ioning i s  considered e s s e n t i a l  t o  aafe 
operat ion.  

To i n s u r e  that t h e s e  requirements a r e  met, i t  is recommended that 
a p r o j e c t  wire sepa ra t ion  group be es t ab l i ahed ,  with t h e  prime 
r e a p o n s i b i l i t y  for c o n t r o l l i n g  separat ion.  Wire separa t ion  would 
be implemented by t h i s  group concurrent  with system design and 
followed up through a i r p l a n e  cons t ruc t ion .  

KEY WORDS 

Crit ical  C i r c u i t s  

C i r c u i t  Separa t ion  

Power I e o l a t i o n  

Redundant Systems 

Wire Separa t ion  

Wire Routing 

Wire I n t e g r a t i o n  

Safe ty  
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1.0 

CRITERIA.€DR SEPARATION OF CRITICAL ELECTRIC CIRCUITS 

VHY SEPARATE? 

1.1 Cer ta in  w i r e  s epa ra t ion  requirements a r e  necessary t o  meet 
s a f e t y ,  dependabi l i ty  and c e r t i f i c a t i o n  requirements. 
Basic sepa ra t ion  c r i t e r i a  has been e s t ab l i shed  by t h e  Boeing 
Design Manual, Federal  Aviat ion R e g u l a t i m s  and the  
B r i t i s h  C i v i l  Airworthiness  Requirements. 
separa t ion  requirements  a r e  not  t h e  same f o r  a l l  types  of  
a i r c r a f t  due t o  t h e  varying degree of r e l i a n c e  on e l e c t r i c a l l y  
operated equipment. However, t h i s  document provides  a 
d e t a i l e d  guide t o  w h a t  should be considered. Th i s  document 
is thus  intended t o  se rve  as a c h e c k l i s t  f o r  f u t u r e  design,  
but may not  be abso lu te ly  app l i cab le  i n  a l l  cases .  
case  must still be judged i n  terms of t h e  s a f e t y  of  i ts  
p a r t i c u l a r  design and t h e  c r i t i c a l i t y  of t h e  system. 

“he bas i c  ob jec t ive  of design s a f e t y  is the prevent ion of any 
s i n g l e  probable malfunction o r  f a i l u r e  from c r e a t i n g  a hazard. 
Each system o r  equipment is designed t o  prevent  hazards  i f  they 
malfunction or f a i l  because no ind iv idua l  equipment, system 
component, or i n s t a l l a t i o n  i s  considered immune t o  f a i l u r e ,  
Each equipment and component f a i l u r e  mode is considered i n  the  
i n i t i a l  design. Sometimes overlooked, however, is the  i n s t a l l a t i o n  
of e l e c t r i c  wi r ing  and t h e  s e l e c t i o n  of power sources.  Where 
equipment redundancy and i s o l a t i o n  are necessary f o r  a i r p l a n e  
s a f e t y ,  then  t h e  wire  i n s t a l l a t i o n  and e l e c t r i c a l  power sources  
must a l s o  be s u f f i c i e n t l y  redundant and i s o l a t e d ,  

The ex ten t  of 

Each 

1.2 

Critical c i r c u i t  wir ing should be checked f o r  t h e  following: 

A s i n g l e  f a i l u r e  of t h e  wir ing o r  e lectr ical  system 
shall not render  inope ra t ive  any func t ions  (or groups 
of func t ions)  considered necessary f o r  s a f e  operation. 

A s i n g l e  fa i lure  of  t h e  wir ing  o r  e lectr ical  system 
shall no t  adverse ly  a f f e c t  c r i t i c a l  systems (or 
groups of systems) which, i f  they malfunctioned, could 
create a haulrd.  

Where systems o r  func t ions  make use  of  redundant equipment 
t o  achieve  t h e  necessary s a f e t y  and r e l i a b i l i t y ,  then t h e  
redundant wir ing must be separated and t h e  power sources  
f o r  each u n i t ( s )  must be independent. 

I f  a n  e s s e n t i a l  funct ion r e q u i r e s  two independent power Bources, 
then  t h e  power supply and wires must be separated.  
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Wiring a s s o c i a t e d  with redundant systems must be s u f f i c i e n t l y  
separa ted  or pro tec t ed  so t h a t  hazard6 such as  t h e  fol lowing w i l l  
not  result  i n  f a i l u r e  of both systems. 

1. Wire bundle f i r e ,  

2. 

3. Connector h o r t i n g  o r  decoupling, 

4. Fuel F i r e ,  

Equipment or junc t ion  box f i r e ,  

5. Engine case burn through, 

6. Turbine b u r s t  fragments(inc1uding turbofans  and starter 
t u r b i n e s ) ,  

7. Bat te ry  chemical leakage,  

8. Abrasion from rocks ,  i c e  and mud, 

9. Burst  ho t  a i r  ducting. 

2.0 HOW TO SEPARATE 

2.1 For c i r c u i t s  which are t o  be separa ted  from one another  f o r  
s a f e t y  rea6on6, no t  f o r  M I ,  adequate  sepa ra t ion  can be 
achieved by: 

1. Phys ica l  s e p a r a t i o n  by e i t h e r  1/2 inch  a i r  spacing when 
o t h e r  c o n s t r a i n t s  (such as  b u r s t  area p r o t e c t i o n )  do not  
apply,  o r  o t h e r  s u i t a b l e  means. 

2. Routing redundant w i re s  through sepa ra t e  connectors.  

3. Provid ing  a d d i t i o n a l  p r o t e c t i o n  i n  areas where mechanical 
f a i l u r e s  such a s  t u r b i n e  b u r s t ,  pneumatic duc t  r u p t u r e s ,  
e t c . ,  may damage primary and redundant wiring. 

2.2 General rules f o r  i n s t a l l a t i o n  of wir ing  and equipment are 
given i n  t h e  b e i n g  Design Manual 72B1, Sec t ion  124. General 
I n s t a l l a t i o n  Requirements, based on Sec t ion  124, are provided 
for r e fe rence  i n  Appendix 1. 
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C 

3.0 

3.1 

3.1.1 

3.1.2 

3.1.3 

3.1.4 

3.1.5 

3.1.6 

3.1.7 

3.1.8 

3.1.9 

WHAT TO SEPARATE 

This sec t ion  g ives  a check l i s t  of w h a t  c i r c u i t s  may requi re  
separation. 
t o  every a i r p l a n e  and every s i tua t ion .  
must be analyzed 
a i r c r a  f t. 

This i s  only a guide s ince  i t  cannot be appl icable  
Each p a r t i c u l a r  design 

li&t of the  system c r i t i c a l i t y  t o  the 

Air Conditioning 

Gasper Fan 

No epec ia l  separa t ion  requirements. 

Zone Recirculat ion Fan Control 

No spec ia l  separa t ion  requirements. 

Cabin Pressure Rel ief  Valve Indica tor  

No spec ia l  separa t ion  requirements. 

Cabin Pressur iza t ion  System 

Separate r i g h t  hand umnual con t ro l  wiring from l e f t  hand 
manual con t ro l  wiring including separate  connectors. 
manual con t ro l  wiring separate  from automatic cont ro l  wiring. 

Keep 

Equipment Cooling System 

Ensure that no s i n g l e  f a i l u r e  o r  f a u l t  can r e s u l t  i n  the  l o s s  
of cool ing a i r  required by e s s e n t i a l  equipment. 
wiring t o  redundant f ans  and a i r  flow sensor'8. 

Separate 

Aft Cargo Compartment Heating 

No spec ia l  wire separa t ion  requirements. 

Stateroom Heat Control Systems 

No spec ia l  w i r e  separat ion requirements. 

Pack Shutoff and Flow Control 

Wiring t o  each pack shutoff  valve t o  be separa te ly  routed 
from o the r  packshutoff valve wiring as well  as from t h e  rest 
of its own pack wiring. 

Compressor Discharge and ACH Outlet Temperature Indica tor  

No s p e c i a l  separa t ion  requirement. 
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3.7 

3.7.1 

3.7-2 

3. 7.3 

3.7.4 

3.7.5 

3.7.6 

3.7.7 

Fuel Boost Pumps 

Wiring f o r  the  two boost pumps on each of  the  main tanks 
should be separa te ly  routed. 
should be routed along t h c - a f t  wing spars and wiring t o  the  
forward boost pumps ehould be routed along the  forward wing 
spars. 

Wiring f o r  t h e  a f t  boost pumps 

Fuel J e t t i s o n  Pumps 

Ui r ipg fe rwtboa rd  and c e n t e r  l e f t  combination j e t t i s o n  
and over-ride pumps should be routed sepa ra t e ly  from t h e  wiring 
f o r  t h e  inboard and c e n t e r  r i g h t  combination j e t t i s o n  and over- 
r i d e  pumps. 

APU Dc Boost Pump 

No separa t ion  requirements. 

Scavange Pump 

No separa t ion  requirements. 

Fuel J e t t i s o n  Valves 

There shall  be separa t ion  between the  r i g h t  and l e f t  valves. 

Fuel Manifold Valves 

The wiring t o  each c r o s ~  feed valve shall be separate .  

Engine h e 1  Shut-off Control 

Normal wiring f o r  any one f u e l  shut-off valve shall not be i n  
the  same wire bundle as that f o r  any o the r  engine fuCl shut-off 
valve. This wir ing should be separa te ly  routed o r  located i n  
a bundle which does not  connect t o  an engine so that 1066 of an 
engine (phys ica l  separa t ion  from the  wing) does not  sever  
thcbundle--ahd,  hencr Ithe-means tw.shut off f u e l  t o  the  missing 
engine. A redundant "close" w i r e  should run d i r e c t  from each 
engine f i r e  switch t o  its assoc ia ted  fue l  'shut-off valve. This  
v i r e  &all be i n  a d i f f e r e n t  wire bundle from t h e  normal "close" 
wire that goes through the  engine fue l  valve switch. The 
widest poss ib le  separa t ion  6hould be maintained between these  
two bundles through t h e  tu rb ine  bu r s t  area. 
wire should be spl iced.  
another p in  a t  the  valve,  i n t e r n a l l y  connected t o  t h e  "close" 
pin . 

Neither "close" 
This  can be accomplished by providing 
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~~ 

3.7.8 

3.7.9 

3.7.10 

3.7.11 

3.7.12 

3.7.13 

Fuel Transfer Valves 

Separa t ion  will depend upon t h e  system c r i t i c a l l i e .  

h e 1  L o w  Pressure  Warning 

Separate  from fuel quant1 .e  and fuel flow meter. 

J e t t i s o n  Pumps Fuel l o w  Pressure Warning 

Outboard and cen te r  l e f t  pump's wi r ing  must be separated from 
t he  inboard and c e n t e r  r i g h t  pumps. 

Ground Refueling 

No s p e c i a l  s epa ra t ion  requirements 

Fuel Quant i ty  Probes and In te rconnec t ing  Cabling 

No s p e c i a l  s epa ra t ion  requi red  except f o r  EMI. 

Fuel Quant i ty  Gages and Signal System 

No s p e c i a l  separa t ion  requi red  except for MI. 



3.10 Instrument s 

Instruments requi red  by Federal Aviation Regulations,  Pa r t  25.lw3, 
including f l i g h t  and navigat ion instruments ,  shall have separa te  
pover sources,  s epa ra t e  connectors and separa te  wiring. 
dual f l ight instrument conf igura t ions  as well as fa i l -opera t ive  
conf igura t ions  sha l l  also meet t h e  following requirements: 

A l l  

3. lO. l  Power 

a )  Separate power sources  must be provided: 

1. for each o f  the  two instrument s e t s ,  and 

2. fo r  each of t he  th ree  s e t s  of  sensor sources. 

b) Each sensor  source or instrument s e t  and its r e l a t e d  power 
supply must be designed and i n s t a l l e d  so that f a i l u r e  of one 
sen8or source or instrument s e t  or f a i l u r e  of its power supply 
or a f a u l t  i n  any p a r t  o f  its power d i s t r i b u t i o n  system does 
not i n t e r f e r e  with the  proper supply of  power t o  the  o the r  
instrument set o r  o the r  sensor power sources. 

3.10.2 Wiring 

Separat ion and rou t ing  met be such that a func t iona l  f a i l u r e  
o r  a f a u l t  i n  any part of one required f l i g h t  instrument or its 
associated source 8ensor will not r e s u l t  i n  a malfunction t o  
a similar funct ion of the  o the r  instrument set or o the r  a e t  of 
sensor ~ o u r c e ~ .  Such f a i l u r e s  shall a l s o  not a f f e c t  any o the r  
required f l i g h t  instrument within the  same s e t  of f l i g h t  
instruments. This implies  t h e  following measures. 

a) Separate  wires  of each instrument and each sensor source 
i n t o  phys ica l ly  independent connectors,  r e l ays ,  6WitChe6 and 
wire bundles t o  a s su re  independence. 

b) 
wiring through separa te  clamps and cable  raceways. 

Route wire bundles of  each instrument and each sensor  source 

1. A funct ion of one required instrument may be routed 
together  with non-required systems func t ions  but should 
be i s o l a t e d  from power wiring e spec ia l ly  heavy cu r ren t  
car ry ing  conductors. 

2. 
panel must be i s o l a t e d  from each other.  

Functions of each required instrument s e t  on the  same 
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3.10.2 (Continued) 

c )  
wir ing p e r t a i n i n g  t o  each instrument  and each senaor uource 
component by r o u t i n g  v i r e  bundles a long  d i f f e r e n t  s tanchion 
raceways and by t h e  u8e of  sepa ra t e  disconnects .  When wire 
bundle rou t ing  i n  separate raceways is not poas ib l e ,  rou te  
c r i t i ca l  wire bundles in oppos i te  s i d e s  of  t h e  mme raceway. 

I n  a n  i n t e g r a t i o n  area, provide phys ica l  separa t ion  of  

d )  Behind pane l s  and o t h e r  confined area6 a n  ind iv idua l  wire 
o r  wire bundle may be pro tec ted  from an  ad jacen t  wire or wire 
bundle by e i t h e r  phys i ca l  s epa ra t ion  or by enclosure of  t he  
c r i t i ca l  wire i n  f i b e r g l a s  s leeving.  A cr i t ica l  wire is a 
signal, c o n t r o l ,  or power l e a d  a s soc ia t ed  w i t h  requi red  
instrument s e t  o r  a corresponding sensor  source. 

e)  I s o l a t i o n  of  c r i t i ca l  wires by connector con tac t  assignment 
must cons ider  t h e  effect  of t h e  l o s s  of a coIU?ector on t h e  o t h e r  
instrument  se t  o r  o t h e r  sensor  sources.  The l o s s  of a connector 
must not result  i n  a malfunction o f  more than one requi red  
instrument  func t ion  o r  sensor  source funct ion.  

f )  I s o l a t i o n  of  c r i t i c a l  wires wi th in  a r e l a y  by i n t e r n a l  -fer 
s e l e c t i o n  must coneider  t h e  effect  of t h e  malfunction or failure 
of t h e  r e l a y  on t h e  o t h e r  instrument  se t  o r  o t h e r  sensor  sources.  
The malfunction o r  f a i l u r e  of a r e l a y ,  i n t e r n a l  wafer o r  wire 
bundle must no t  r e s u l t  i n  a malfunction t o  any part of the o the r  
instrument  se t  o r  other  sensor  sources.  

g) 
i s o l a t e d  from wires ca r ry ing  power. 

S igna l  and con t ro l  vires should be routed  sepa ra t e ly  and 

3.10.3 Honitor ing 

Each inst rument  o r  i ts  as soc ia t ed  6ensors  must have a v i sua l  
device  t o  i n d i c a t e  when a malfunction or power f a i l u r e  is 
de tec ted  by its i n t e r n a l  i n - l i n e  monitor. 
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4.0 CDNCUISION AND RECOMMENDATION 

4.1 Conclusion 

Yirc separa t ion  i 8  required t o  comply with e x i s t i n g  c e r t i f i c a t i o n  
requirements and Boeing s a f e t y  prac t ices .  

The problem involving wire separa t ion  i s  not one of l ack  of 
information, but ra ther -  o f  implementation of  known requirements. 

4.2 Recommendation 

Wire separa t ion  con t ro l  t o  prevent the  need f o r  expensive 
l a t e r  date  changes can be accomplished by e s t a b l i s h i n g  prime 
r e spons ib i l i t y  f o r  t h i s  cont ro l .  

It is recommended that a w i r e  separa t ion  group be es tab l i shed  
i n  the  project .  This  Group would: 

1. 

2. 

3. 

4. 

5.  

6. 

7. 

Be knowledgeable with the  l a t e s t  requirements . for  
c r i t i c a l  system wire separa t ion  and separa t ion  for EM1 
requirements. 

Be a part of the  systems group so that wire separa t ion  w i l l  
be i n i t i a t e d  a t  the  concept of a system. 

Ensure t h a t  s a t i s f a c t o r y  c a l l  o u t s  r e l a t i n g  t o  wire separa t ion  
be incorporated i n  the  appropr ia te  drawings. 

Coordinate between t h e  systems group and wire i n t e g r a t i o n  
group t o  ensure continuance of communication. 

Consist  of more than  one person so that group i n t e g r i t y  
and t h u s  continuance of communication is maintained should 
personnel change. 

Be concerned with separa t ion  from the  time of system concept 
through t o  t h e  i n a t a l l a t i o n  on t h e  a i rp lane .  

Document the  means used t o  achieve the  required separat ion.  

Separation requirements should be adequately def ined on t he  
Design Group's system schematics. It is t h e  systems group 
r e s p o n s i b i l i t y  t o  determine the  requirements i n  conjunction'  
with the  app l i cab le  s t a f f  D.E.R. This should be determined and 
released a t  t h e  earliest poss ib le  da te  for incorporat ion i n t o  
t h e  bundle re leases .  
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1.0 

This section l ists  the requirements for  wire in s t a l l a t ion  
and c i r cu i t  design pertaining t o  all c r i t i c a l  systems and 
equipent .  
specifically for c r i t i c a l  functions, they m y  a l s o  be 
applied t o  a, l l  c i r cu i t s  f o r  r e l i a b i l i t y  and good service 
l i f e .  

Although these general requirements m e  

Emergency Power Source8 

Emergency c i rcu i t s  should be fed  from the most re l iab le  bus 
of the airplane. 
by designing so that  it can be connected t o  an a l te rna te  
source o r  sources of power and isolated from other busses by 
sectionalizing. 

The r e u a b i l l t y  of t h i s  bus can be Fmprwed 

2 .o Essential Load Gxyupinq 

Special consideration should be given t o  e n s u e  against the 
loss of more than one g r o g  of instruments o r  control units 
due t o  opening of a s ingle  c i r c u i t  protector; e.g., instruments 
or  control units f o r  one engine should not be connected t o  the 
protector used f o r  the corresponding equipnent of another 
engine. 
should not be cperated fran c comon protector, i.e., duplicate 
f i r e  extinguishers or f l i g h t  Instrument systems should be pro- 
d d e d  Kith seperate protectors. 

S imi la r ly ,  Ouplicate systems used t o  provide r e l i a b i l i t y ,  

3.0 Secondary Load Grouping 

Consideration should be given t o  grouping the  controls for 
loads not classif ied as essent ia l  o r  emergency, so that they 
can be conveniently and quickly cLisconnected in the event of a 
c r i t i c a l  reduction of available e lec t r ic  parer. 

4 .O Overload Protection 

A l l  dist r ibut ion wires must have c i r cu i t  breakers or  other 
means t o  protect the wire fm overloads. 
ra t ing corresponding t o  wire s i ze  i s  given i n  D - ' W .  
c r i t i c a l  c i r cu i t  m u s t  have ind iddua l  c i r cu i t  protection, i .e . ,  
no other laads aha l l  be on the same c i rcu i t  breaker. 
c i r c u i t  breakers should be designed t o  give an indication 
the control cabin when in the tripped condition. 

The c i r cu i t  breaker 
Each 

Remote 
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5.0 Seauencc Operation of Relays and Switchea 

When it is necessary t o  design e s sen t i a l  c i r c u i t s  sa that 
two or more s e t s  of contac ts  must operate i n  a given sequence, 
provide a pos i t ive  inter locking means t o  assure  the proper 
sequence of operation. 

6.0 Redundant EaUiDment Ins t a l l a t ion  - 

Where redundant e s sen t i a l  systems a r e  i n s t a l l e d ,  arrange a n d  
interconnect them so that a f a i l u r e  or malfunction of any one 
component i n  one Bystern cannot impair the a b i l i t y  of the  
remaining systen or systems t o  operate. I n  general ,  such 
systems should have separate power connections o r  souIce6, 
separate grounds, and physical separation of wiring and 
components. 

7.0 RoutinR Reauirement'e 

7.1 Route and i n s t a l l  wiring t o  protect  against:  

a. Chafing. 

b. Being stepped upon, used a6 handholda, o r  support ior 
equipment, etc. 

C. Damage by personnel movement. 

d. Damage from cargo stovage and shif t ing.  

e.. Damage from heat ,  acids ,  fumes and f luids .  

f. Abrasion in wheel wells from rocks, i c e ,  mud, etc. 
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7.13 
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-- +- NO. 

Do not bundle or route  low temperature general  purpose uire in 
contact  with high temperature wire vhich may reach temperatures 
above 200OF. 

Provide clearance,  thermal in su la t ion  or b a f f l e s  between wir ing 
and heat  generat ing parts such as  e l ec t ron  tubes and power 
r e s i s t o r s  t o  prevent d e t e r i o r a t i o n  of the  wire in su la t ion .  

Route wiring a t  l e a s t  t h ree  inches away from c o n t r o l  c a b l e s  if 
possible.  
and spec i fy  the  minimum al lowable spacing on the  engineer ing 
drawing. 

I f  t h i s  cannot be done, r i g i d l y  support  t he  wir ing 

I f  necessary,  provide mechanical protect ion.  

NOTE: I n  add i t ion  t o  damaging wiring, an a r c i n g  f a u l t  may 
se r ious ly  i m p a i r  t he  operat ion of  con t ro l  cables .  

Do not route  wir ing under b a t t e r i e s ,  f l u i d  l i n e s ,  EUIUPS, pumps, 
nor f l u i d  l i n e  connections. I f  m c h  rou t ing  cannot be avoided, 
adequate p ro tec t ion  must be provided aga ins t .  contamination and 
degradation. (Re,f. BAC 5157 and BAC 5158). 

Route wiring a t  l e a &  three inchea away from hydraul ic  l i n e s .  

Locate wiring a t  l e a s t  s i x  inches from f u e l  and o q g e n  l i n e s .  
I f  t h i a  spacing i s  impossible,  a minimum separa t ion  o f  two 
inches i s  allowable provided both the  wir ing  and l i n e s  are 
separa te ly  secured and clar,ped and adequate e l e c t r i c a l  p ro t ec t ion  
is used f o r  t h e  wiring. (Ref. BAC 515’7, 5158 and D6-19868). 

Route wir ing so that e l e c t r i c  terminat ions w i l l  not occur 
ad jacent  t o  l i n e s  car ry ing  oxygen or flammable substances. 

Route wir ing t o  each engine separa te ly  from t h e  wir ing  to the  
o the r  engines. 

Route e s s e n t i a l  eneine c i r c u i t  wir ing 60 that damge t o  any 
bundle w i l l  not  a f f e c t  the  operat ion of more than one engine. 
A minimum perpendicular d i s tance  of 16 inches  should be main- 
t a ined  from the  poss ib le  fragmentation path of e j ec t ed  engine 
components as defined by model documentation. 

Avoid rou t ing  wiring through a r e a s  of thermal extremes. 
t h i s  is not  poss ib le ,  use compatible ma te r i a l s  and pro tec t ion .  

If 

Provide s u f f i c i e n t  c learance t o  prevent the  chafing o f  wiring 
aga ins t  any objec t  i n  the  maximum movement due t o  gravity, 
a c c e l e r a t i o n  or vibrat ion.  

Do not  rou te  e lectromagnet ical ly  incompatible wi res  i n  the  same 
group o r  harness. 

Route wir ing for equipment e s s e n t i a l  to  f l i g h t  s e p a r a t e l y  
from o the r  wiring. 
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7-15 

7.16 

7-17 

7.18 

7.*19- 

?, 20 

7-21 

7.22 

7- 23 

Route v i r fng  t o  t h e  p i l o t ' s  instruments separa te ly  from 
. . .  . the  c o p i l o t o s  instruments. - . - _  4 

Separate wiringsupplying power t o  a d i s t r i b u t i o n  center  from 
the  wiring t ransmit t ing power t o  t h e  use center  i n  order t o  
prevent t h e  p o s s i b i l i t y  of shor t  c i r c u i t s  bypassing the 
protect ive devices. 
provide supplementary protection and use high temperature and 
f i r e  r e s i s t a n t  wire, 

Do not  route  aluminum wiring through a r e a s  of  exceasivc 
vibration. 
clamped t o  minimize r e l a t i v e  motion between the  wire and the 
termination. 
short  length of copper wire t o  t h e  aluminum wire and then 
terminate. 

Route the wiring for multiple systems such a s  engines, generators,  
water pumps, fue l  pumps, etc., separately wherever possible. 

Do not  route  wiring i n  emergency e x i t s .  

If design requirements do not permit t h i s ,  

Such wiring should be c a r e f u l l y  supported and 

It is sometimes more prac t icable  t o  s p l i c e  a 

Consult the appl icable  Technical S t a f f  organization. 

Route the  individual  phase wires of  three power feeders  in the 
Same bundle or bundles whenever possible. 

Route the load and l i n e  wires for radio noise  f i l t e r s  so as  t o  
maintain a minimum separation of six ( 6 )  inches,  except: 

a. Where wires terminate on the rad io  noise  f i l t e r s ,  the load 
and l i n e  wires should diverge from the terminals t o  provide 
a minimum separation of s i x  ( 6 )  inches within t e n  (10) 
inches of c l o s e s t  terminal. 

b. In cases of absolute  necessi ty ,  the  l o a d  and l i n e  wire6 map 
c r o s s  a t  r i g h t  angles,  providing t h e  wires a r e  more than 
one (1) inch apart a t  the  c r o s s  over point ,  and t h e  wires 
contihue t o  diverge so that a six ( 6 )  inch Separation is 
af fec ted  within eight  (8) inches of the  point  of crossing. 

Ground l e a d s  should be as  shor t  as poss ib le ,  and m a i n a i n  
maximum aeparation from l i n e  wires. 

Several  cable  bundles may be routed i n  the same raceway or  
held by one clamp, but should be t i e d  together  only a t  a c h  
places  as a r e  necessary f o r  bundle i n t e g r i t y  or  mechanical 
s t rength . 

c.  

When rout ing  wires or  wire bundles i n  areas where t h e r e  is 
heated equipment, thermal ant i - ic ing duc ts  or cabin air 
conditioning ducts,  the maximum spacing possible  should be 
maintained between the wiring and the heated equipment. 
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8.0 Methods of Protection 

P r o t e c t  wi r ing  as necessary from natural  and induced environmental 
cond i t ions  which could l e a d  t o  phys ica l  and e l e c t r i c a l  f a i l u r e .  
The need for t h e  a p p l i c a t i o n  o f  p r o t e c t i v e  m a t e r i a l s  should be 
minimized i n  pre l iminary  planning by t h e  c a r e f u l  design of  
equipment l o c a t i o n s ,  wire rou t ing  and support .  

The following design o b j e c t i v e s  should be observed for t h e  
p r o t e c t i o n  of wiring. 

8.1 Call out  on engineer ing  drawings a l l  p r o t e c t i v e  measure6 and 
m a t e r i a l s  requi red .  
minimizing t h e  amount of  p r o t e c t i v e  m a t e r i a l  used compatible 
v i t h  s a f e  design. 

Bundle I n s t a l l a t i o n  Drawings should s p e c i f y  only p r o t e c t i v e  
material which cannot be incorpora ted  i n  t h e  assembly s tagea.  

Economize t ime,  weight and money by 

8.2 

8.3 Safeguard power busses  as follows: . 
a. h o v i d e  s t r o n g  and r i g i d  support  for power busses  and  bus 

extensions.  Keep bus extens ions  a s  s h o r t  as  p r a c t i c a l .  

b. Provide enc losures ,  b a r r i e r s ;  and i n m l a t i o n  needed t o  
p r o t e c t  busses  a g a i n s t  l o o s e  or f a l l i n g  o b j e c t s ,  which 
may cause shorts and grounds. 

c. Conductors d i r e c t l y  a t t ached  t o  a bus  should have p r o t e c t i o n  
similar t o  t h e  bus. 

d. Arrange and secure  a l l  ad jacen t  ground l e a d s ,  such as those  
r equ i r ed  f o r  t h e  opera t ion  of c o n t r o l  equipment, 60 they 
w i l l  no t  con tac t  t h e  busses. 

e .  P r o t e c t i v e  meaeures app l i ed  t o  busses  must not  prevent  
the i r  necessary hea t  d i s s i p a t i o n  o r  a c c e s s i b i l i t y  f o r  
adequate  inspec t ion .  

8.4 P r o t e c t  exposed t e rmina l s  on power and o t h e r  c r i t i c a l  equipment 
wi th  enc losu res  or i n s u l a t i n g  materials. 
e n t i r e l y  wi th in  enc losures  conta in ing  only electr ical  equipment 
is not  considered exposed. 

Equipment l o c a t e d  

8.5 Direct special a t t e n t i o n  t o  prevent ing t h e  p o s s i b i l i t y  of l i v e  
e lec t r ic  conductors ,  t e rmina ls ,  or a s s o c i a t e d  maintenance tools 
con tac t ing  m e t a l l i c  p ipes  or t anks  con ta in ing  flammable 
materials. (NOTE: w g e n  is c l a s s i f i e d  as flammable and 
p o t e n t i a l l y  dangerous. 
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8.6. Direct s p e c i a l  a t t e n t i o n  t o  the protect ion of exposed (open) 
terminations in f u e l  vapor areas.  
have exposed terminals  i n  these area6. 
necessary. Note t h e  following: 

Do not use components vhich 
Provide p r o t e c t i o a  as 

a. Preinsulated teminals and s p l i c e s  a r e  not considered exposed. 

b. 
. considered exposed. 

Lamp terminals covered by a rubber s leeve o r  boot are 

a. 7, 

c. Indicate  c l e a r l y  on the  system schematic which terminals 
are c l a s s i f i e d  as exposed terminations. 
appl icable  engineering drawings, the s p e c i f i c  p r o t e c t i v e  
mater ia ls  and Manufacturing Process Spec i f ica t ions  involved, 

Call out t h e  

Protect wire, wiring harnessec, and cables  from sharp edge6 
or rough sur faces  which could cause chafing. 
abrasion damage is l i k e l y  are:  

Places  where 

a. Bends around,the corner of E shelf, bracket,  component 
o r  s t ructure .  

b. Routings through holes,  d o t s  and cutouts.  
NOTE: Specif iy  that .25 inch minimum clearance be maintained 

o r  provide protect ion as necessary. 
c. Where considerable unsupported wire bundle o r  cable  must 

be provided t o  a l l o w  f o r  discomcct ing a p l u s  o r  removing 
a component or  panel. 

d. Where subject  t o  movement o r  contact by personnel and equipment. 

e. Where exposed t o  rocks, i c e ,  mud, r a i n  o r  severe wind action. 

NOTE: The use of  protect ive tape sleeving, e tc . ,  is not a 
s u b s t i t u t e  f o r  good basic design. 

8.8 Protect wires aga ins t  breakage a t  e l e c t r i c a l  connections by 
providing s u f f i c i e n t  s lack ,  and by using i n s u l a t i o n  gr ipping 
terminals and mechanical clampirg a s  necessary t o  r e l i e v e  6train.  

8-9 Design each wiring i n s t a l l a t i o n  t o  prevent i t 6  poss ib le  use as 
a hand hold or l i f t i n g  a i d ,  

8.10 Unprotected coaxial cable6 must not be loca ted  i n  hot  a r e a 8  
exceeding t h e  s a f e  temperature c h a r a c t e r i s t i c s  of t h e i r  
d i e l e c t r i c s .  Conductors may migrate. P a r t i c u l a r  a t t e n t i o n  
must be given t o  t h i s  i n  the v i c i n i t y  of engines, hea te r6 ,  
a i r  conditioners,  hot  spot skin zones, etc.  

NOTE: Polythylene d i e l e c t r i c  frequently used i n  coaxial cables  
s o f t e n s  a t  approemately 1600~. 

8.11 Consult ~6-1100 and the appl icable  Technical S t a f f  organization 
for  pro tec t ive  e l e c t r i c a l  mater ia ls  t o  use i n  hydraul ic  f l u i d  
exposure areas, 

8.12 Refer t o  I%-19868, E l e c t r i c a l  Design Prac t ices  f o r  Fire Prevention. 
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APPENDIX I1 

FAA REQUIRPIENTS FOR W I R E  SEPARATION 

Federal  Aviat ion Regulat ions P a r t  25 (dated 11/16/68) reads : 

25.1309 ( a )  

( b )  

25.1309 (e)  

The equipment, systems, and i n s t a l l a t i o n s  whose 
func t ioning  i s  requi red  by t h i s  subchapter ,  must  
be designed and i n s t a l l e d  t o  ensure that they  
perform t h e i r  intended f u n c t i o n s  under any fore-  
seeable  o p e r a t i n g - c o n d i t i m .  

The equipment, systems, and i n s t a l l a t i o n s  must be 
designed t o  prevent hazards  t o  the airplane i f  
they  malfunction or f a i l .  

For e l e c t r i c a l  genera t ion ,  d i s t r i b u t i o n ,  and 
u t i l i z a t i o n  equipment r equ i r ed  by or used i n  
complying wi th  t h i s  c h a p t e r ,  except equipment 
covered by Technical  Standard Orders con ta in ing  
environmental t e s t  procedures, '  the  a b i l i t y  t o  
prdvide cont inuous,  s a f e  s e r v i c e  under foreseeable  
environmental  cond i t ions  may be shown by environ- 
mental t es t s ,  design a n a l y s i s ,  o r  r e fe rence  t o  
prev ious  comparable s e r v i c e  experience on o t h e r  
a i r c r a f t .  

Each ope ra t ing  system for f l i g h t  ins t ruments  for 
t h e  f i r 6 t  p i i o t ,  and r equ i r e2  t c  hn dun l i ca t ed  a t  
o t h e r  f l ight  crew s t a t i o n s ,  mus t  be independent 
of t h e  opera t ing  system f o r  o t h e r  f l i g h t  crew 
s ta t  i one. 

E l e c t r i c a l  equipment, c o n t r o l s ,  and wir ing  must 
be i n s t a l l e d  s o  that ope ra t ion  of any one u n s t  
or system of  u n i t s  w i l l  no t  adve r se ly  a f f e c t  the 
simultaneous opera t ion  of any  o t h e r  e l e c t r i c a l  
u n i t  or system e s s e n t i a l  t o  t h e  safe  operat ion.  

Cables must be grouped, rou ted ,  and spaced SO that 
damage t o  e s s e n t i a l  c i r c u i t s  w i l l  be minimized i f  
t h e r e  a r e  f a u l t s  i n  heavy cu r ren t - ca r ry ing  cables ,  

Each system must be designed 60 t h a t  e s s e n t i a l  load  
c i r c u i t s  can be suppl ied  i n  t h e  event of reasonably 
probable f a u l t s  or open c i r c u i t s .  

I f  two independent sou rces  of e l e c t r i c a l  power f o r  
p a r t i c u l a r  equipment or  systems a r e  requi red  for 
t h i s  chap te r ,  t h e i r  e l e c t r i c a l  energy supply must 
be ensured by means such as d u p l i c a t e  e l e c t r i c a l  
equipment, throw-over switching, or multi-channel 
or loop c i r c u i t s  s epa ra t e ly  routed. 
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CiVrl Aeronautic Regulations 
I 

CAR 4B, although not appUcable after 1964 for new design, may 
be considered for interpretat ion of a probable malfunction. 

4b0622-(b) Generating system malfunctions . No probable 
1n8lfunction4~ in the generat- system, or i n  the 
generator drive system, should r e su l t  i n  the 
pennanent loss of- senrice t o  e l e c t r i c  utilization 
systems, which a r e  necessary t o  maintain controlled 
f l i g h t  and t o  e f fec t  a sa fe  landing, unless the 
a i r c r a f t  i s  equipped wl th  an independent source of 
e l ec t r i c  parer capable of supplying conthuow 
emergency senrlce t o  these u t i l i za t ion  systems. 

- 

Note &: A probable malfunction is a ~ v  s i w e  e l e c t r i c a l  
o r  mechanical malfunction or  f a i l u r e  which is 
considered probable on the basis of p s t  service 
experience Kith similar conponents in aircraft  
ap$lications. 
t o  multiple malfunctions when: 
malfunction would not be detected during n o m 1  
operstion of the system, including periodic checks 
established a t  intervals  which a r e  consistent with 
the degree of hazard involved, or (2) the first 
malfunction would inevitably lead t o  other 
malfunctions . 

This def in i t ion  should be extended 
(1) the f i rs t  

In addition t o  the  above requirements, and in U e u  of the  pre- 
vlously imposed five minute power off flight requirement, FAA 
l e t t e r  of January 14, 1969 requests, as part of ce r t i f i ca t ion  
of the e l e c t r i c a l  system, 8 f a i l u r e  analysis  including - 
1. The ef fec ts  of wire bundle f i r e s ,  

2. The ef fec t  of the loss of connectors, and 

3. The ef fec t  of e f i r e  in a junction box. 

The abwe requirements do not spec i f ica l ly  require separation 
of redundant c i rcu i t s ;  however, i t  is qui te  c lear  that no 
probable malfunction should result  i n  the  loss of e s sen t i a l  
c i rcui ts .  
connector f a i lu re ,  turbine burst ,  or damage due t o  prolonged 
moisture exposure, o r  a faul ty  c i r c u i t  has occurl'ed a su f f i c l en t  
number of times in the  past t o  be considered a possible 
malfunction. The above interpretat ion of t h e  regulations is 
the basis f o r  consldefing the wire separation 8 FAA requirement. 

The f a i lu re  of a wire bundle due t o  localized f i r e ,  

i 
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Subject; 

Reference: 

The purpose of this nemo'ia to emphashe that different hand strippers are 
reqnimd to prepare the nett BfS 13-42 (Poly-X)'Wirs for  ferminationa. The 
new wire I s  scheduled for f o d  implementation on airplane 
Engineering has already called out approximately ls00 f ee t  of the new w i r e  
for uee on the paseenger doors 02 7&7 airplanes nwrber one awl on. 
Reference memo listed the Ideal part nrmtwra of the new stripper blade8 
required.. These have now been assigned Stand& Tool nunbere. 

H a m i  strippers incorporating the new blades have been asdgned standard 
Tool numbers a s  follow: 
d t h  6 m l l  Insulation; 
10 mil lnwl+tion;  md ST-2222-27 for vlre guoges AWO-14 through AWO-10. 

The u8e of any other 8trippsrs'&'the n e w  
specifid a h  wl lY  r o d t  in re3ectians due to damage to conductor or 
i n d o t i o n .  

New Sl' Wi& Strippers Required for Bm 13-&2 W h e  

Ham0 6-30'Ll-S..U9, E. orUel/W. Kau to D. Cmze e t  al, 
datad A u p t  11, 1969, erne mrbject. 

* 

however, 

SP-2222-28 for dm guages Awo-26 through Aw(L16 
!2-2Zd2-26 fur u l r e  guageu A m 2 6  through Am-16 w i t h  

----i?. . . 
13-&? w i n ,  other t h b  tho- 

i 

Should additional information be required regaxding tha w e  of the n e w  
strippers pnd other taollng requimd for B E  13-Lr2 ulre, please contact 
T. Johnson or .W. Vptrpel on Ext. fL2-49bl or 0. Rlsvlns on Ext. 3u-329. 

! 



To t C. Peterson ' E-3800 4W+o 

cc: M. MlCg 
.. 0. Oabricbm 

K. S t l d c l l  . 

T. llenney 
J. Krezak 
J. HacDonald 
J. Ph i l l l pa  
F. S t a r s h i c  

TI Dennis 
A-3851 
E-4546 
E-8523 
6-3020 
E-4500 

E-4541 
6-3020 

* C M 9  
48A6 
aE-58 
or-06 
OK-62 
(34-43 
62- 02 
a - 5 8  

Subject: Springs t o  be Ins t a l l ed  on ST 2222-26, ST 2222-27, 
and ST 2222-28 Idea l  W h e  Gtrippere. 

The purpose o f  t h i s  memo is t o  furnish the  Tool Design Group, E-3800, 
with Information regarding the  BT 2222-26, -27, and -28 Idea l  hand 
held wire s t r lppers .  

The Idea l  Company, in conJunctlon with t h e  Raychem Corporation; ha6 
recommended tha t  an externa l  spring be attached t o  the  ex is t ing  
ST 2222-26, -27, and -28 Ideal s t r ippers  when they are used t o  s t r i p  
the new ENS 13-42 Poly-X wire. This recomendation was made t o  
a l l ev ia t e  possible  extruding of t he  innermost insuLation during the 
s t r ipping operation. 

The extruding of t he  insulation, during s t r ipp ing ,  l e  due primarily 
t o  t he  toughness of  t he  alkene-hide insulat ion construction and the  
close tolerance (+ .002") of the  cutter blades. Stripping d i f f i c u l t y  
on t h i s  insulat ion is due t o  the cutter blades not  closing and completely 
cut t ing through the  innermost extmsion layer of the  Insulation. 
r e su l t s  In the  layer being to rn  off instead of  cleanly cut  off .  

This 

The spring recommended f o r  u8e will produce a t i g h t e r  grip on the ulre 
and force the c u t t e r  blades t o  close c q l e t e l y .  
a cleaner s t r i p  with l i t t l e  o r  no extrue€on of the  h e n n o s t  insulation. 

The springs, which will be sqplied by Raychem at  no cos t  t o  Boehg, 
are: intended t o  be in s t a l l ed  externally on the  I d e a l  hand s t r ipper  
frame using screws threaded Snto ex is t ing  threaded holes Fn the f m m e .  
A sample s t r ippe r  frame with sp r ing . ln s t a l l ed  and a package containing 
a loose spring and associated mounting hardware has been submitted t o   yo^. 

!&is will r e s u l t  In 

New stripper assemblies ordered &om the  Ideal Coqany will be con- 
s t ructed with the  addi t iona l  spr ing mounted Internal ly .  

We therefore recammend-that the preeent 8T 2222 drawings be revised 
t o  I n c l u b  tho  addi t iona l  spring modification. 

. 
mould fur ther  

i red  on this eubject please contact T. Johneon 
ension 3k-5492, or 0. 

General 6 i i e rv i so r  
Everett  - Liaison 
M f g r  Res, & DsMLcrpmarrt 
6-3020 M/S OK-62 

i W:dt 
i 

A 0  I S  

E l e c t r i c a l / E l e c t r o n i ~ a  G r o u p  
Mfg. Resr t Dsvslupmcnt, 6-30eO 
Ext. 237-7155 M/8 62-01 

I 



Convantional Ms typq proinsulated t s d n a l  for uee with previously 
used wire inSu+tion thicknesses of  14 m i l  and a b m .  - -  

?2- -. 
Nylon haulat ion Sleeve 

rCoaductor C r h  Barrel I 

Spun Xeck Restricted Entry and Znsulatfnn Grip 8 1 e c ~ e  

New mstrict ivs .cntry  texnilnal for w e  with thln w a l l  insulation (6 mil t o  10 mu) 
R4S 13-42 (Poly-X) W h .  

NOTE: Spun neck restricted entry rectlon of terminal prevents the thin . 
h u l a t i o n  portion o f  rtripped w h o  enda from entering the conductor 
crimp barrel area. 

8-30 20 
8.6 
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TITLE 
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BULKHEAD SEALED W I R E  FITTING, CHANGE PI '~ '1 IS IONS 

OTDR " B E R  CHARGE LAN??. 
0570 9-Eg654 - 2 0 2 9 - 6 3 0 5 7 0  - 

1DE"TIPICATION MODEL (6) PAGE NUMBER 

STANDARD 737,747,757,767,777 . 1 3 F 5  
SUMMARY: 

It is often necessary to route wires through a rsreviously potted 
Electric Wire Bundle Seal (Wire Seal: BACS45A-, BACS45B-, 
287T0031). A variety of unsatisfactory methods are used to 
penetrate the potting compound for this routins. These include 
the use of screw drivers, drill bits, and X-Acto knives. These 
methods can and usually do cause damage to the t2xisting wires, 
resulting in costly, time consuming rework. Thf? only other safe 
method is the complete removal and resealing of ':he Wire Seal. 
This can take hours to accomplish and is the xea-Jn behind the 
use of the before mentioned methods. 

The Wire Change Provision provides a method for +Pc Jddition of 
wires through a previously potted seal fitting, caused by changes 
made to the current wiring. A short length of sp:ral tubing is 
included with routed wires internal to the seal fitting. When 
the interior of the seal fitting is potted the spiral tubing 
becomes entrapped with the wires. The Wire Change Provision is 
created by pulling on the exposed end of the spiral tubing. 
spiral tubing shears out a core of potting compound as it is 
removed, creating a hollow passageway through the seal fitting. 
This method will not compromise the integrity of the seal fitting 
or contribute to wire damage. 

Currently this method is being included on two PRR's far 
implementation on the 767 and 747. 
coordination with Producibility and 767 Wire Installation 
Engineering. 
Everett DER and Project Engineering. 

The 

This was accomplished through 

Coordination with Renton is being made by the 
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I 
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6-6600-000 J m a  1992  



This program was begun based on an Employee Suggestion (E60408). 
The Suggestion outlined a way to install additional wires through 
potted wire bundle seals. Operations Technology was given the 
suggestion to evaluate. A program was initiated to develop the 
concept, establish whether there was a need for this method and 
coordinate with Engineering for possible implementation. A name 
was given to this metliod; Wire Change Provision (see Fig. 1). 

The suggestion described the use of a hollow length of TFE 
(Teflon) tubing sealed at both ends to create the provision. To 
access it would only require the ends to be cut off. The wire 
would be routed through t.he tube and the added wire would be 
potted with sealant. There is no fonnal procedure in place at 
this time to provide for the addition of wiring to potted seal 
fittings other than complete removal of the seal 
fitting/wire/sealant assembly from the airplane structure. This 
is not easy. Each seal fitting is fillet sealed to the structure 
with BMS 5-95. Other undesirable methods are used to create a 
provision in the seal fitting. These methods include the use of 
sharp objects such as screw drivers, drill bits, and X-Acto 
knives. The use of these tools often damage existing wires. 
This damage is not evident until there is a systems failure. 
Repairing the failure is costly. 

The concept of creating an easily penetrable seal fitting is 
valuable. Using a hollow TFE tube to do it is not. This would 
be purposely creating a void in the seal fitting. Pressure 
cycling would occur inside the tubing as the airplane changed 
altitudes. This could eventually cause the sealant plugs at both 
ends to blow out or cause shrinkage of the outside diameter of 
the tubing so it could be blown out. Teflon is an inherently 
slippery material. Air pressure breaks any adhesion the Teflon 
might have with the sealant material allowing air to leak past 
the tubing. Solid rods perform better but can still leak air 
Fast the rod. Rod materials, if not susceptible to leaks, are 
difficult to remove from the sealant mass. 

Different materials and configurations were considered. These 
included nylon rod, silicone rod, rigid Teflon tubing, and coil 
spacer (plastic coils placed on wires to separate them from each 
other allowing sealant to surround each wire during potting). 
These were materials that could be obtained off-the-shelf. There 
were also design ideas of special shapes. These shapes would be 
able to be removable but provide an air tight seal when potted 
into the wire seal. These designs would require the generation 
of part drawings and custom molding. 

Another material was spiral tubing. Spiral tubing is an off-the- 
shelf item, usually made from nylon, polyethylene, or Teflon 
tubing. The tubing is slit helically to make long coils of 
spFral tubing. Spiral tubing is normally used for bundling and 
abrasion protection of wires. It's spiral shape allows it to be 
applied to the wire in the middle of the bundle rather than the 
wire having to be routed through it. The shape also makes it 
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flexible allowing it to bend with the wire. 

The Change Provision uses other characteristics. The slits in 
the spiral tubing allow potting compound to penetrate the 
interior of the tubing, entrapping it in the voidless mass of 
potting compound and wire. The slits must be large enough to 
allow this. The viscosity of the potting compound and injection 
pressure will dictate the slit size. The diameter of the spiral 
tubing decreases when pulled, decreasing the surface tension, 
making it easier to remove than a solid rod. 

The Wire Change Provision is created when a short length of 
spiral tubing is included with (not around) routed wires internal 
to the Wire Seal. When the interior of the Wire Seal is potted 
the spiral tubin.] becomes entrapped along with the wires inside 
the Wire Seal. The length of spiral tubing should be long enough 
to allow the ends to be exposed beyond the potting compound. 
This will allow for the removal of the spiral tubing and assure 
that the routing pathway is continuous through the Wire Seal. 

The spiral tubing can be removed by hand or with the help of a 
pair of pliers, by grasping an exposed end and pulling. A core 
of potting compound is removed with the spiral tubing to create a 
hollow pathway through the Wire Seal. The spiral tubing must be 
madz of a rigid material able to shear the potting compound. New 
wires can now be routed through the Wire Seal. Once the wires 
are routed the pathway is injected with potting compound, sealing 
the wires and filling the pathway. The spiral tubing is not 
reinserted into Wire Seal it is removed from. If there is excess 
room with the wires, a smaller diameter spiral tubing could be 
potted into the Wire Seal along with the newly inserted wires 
creating another change provision. The spiral tubing is meant to 
be a fly away part. It will be removed only when needed. 
Installation of the spiral tubing displaces its volume in sealant 
making the weight penalty negligible. 

Pressure tests were performed using different materials. Five 
lengths of each material were potted inside BACS45B-4 seal 
fittings. Materials used were: nylon spiral tubing, Teflon 
spiral tubing, BMS 13-48 T8ClG14 Tefzel jacketed wire, and 
extruded silicone rod. All samples were tested at 5 ,  13, 25, and 
50 psi. The 5 and 13 psi numbers are representative of low 
pressure test and maximum plane pressure. The 25 and 50 psi 
tests are unrealistic pressures but were intended to precipitate 
a complete failure or "blowout" of the Wire Change Provisions. 
No complete failures were observed. 

The tests were done using a simple pressure chamber. A flange 
attached to the chamber held the BACS45B-4 seal fittings. 
Regulated air pressure was applied to one side of the seal 
fitting. A liquid leak detection fluid was used to amplify small 
l eaks .  Any amount of leakage was considered to be unsatisfactory 
and was recorded. 
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The wire produced one leak out of five samples. The r:ylon spiral 
tubing samples produced no leaks. The other two Utrrials showed 
unsatisfactory results. Cross sections of the Teflon samples did 
not show any voids to provide a reason for their poor 
performance. Teflon's natural non-stick property allowed 
propagation of air betseen the surface of the spiral tubing and 
the potting compound. The silicone did the same. Some of the 
silicone samples leaked less as the pressure was increased. The 
low durometer of the silicone allowed the rod to deform and plug 
the hole. Air leakage at the lower pressures disqualified this 
material even though it possesses this self scaling property. 
The recommended material is nylon spiral tubing. Its stiffness 
is also a benefit for creep resistance and aids in shearing the 
potting compound upon removal. 

Recent thrust reverser modifications required the creation of a 
new penetration in the strut to route additional wiring. This 
may have been unnecessary had a wire change provision been 
installed in the existing wire seal at that location. The Wire 
Provision would also allow the customer airlines to add systems 
to the airplane after delivery. It is also possible that some 
spare wires could be eliminated. This would allow the addition 
of wires when needed, instead of having wires pre-installed just 
in case. 

The design of the Wire Change Provision was coordinated with 
Producibility and 767 Wire Installation. Currently this new 
method is being included on two PRR's f o r  implementation on 747 
and 767 (PRR 82987, PRR B12535). Coordination with Renton is 
being made by the Everett DER and Project Engineering. The PRR's 
have been approved, but an implementation date is not yet known. 
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Discusses  the  impact o f  e l e c t r i c a l  overloads on wire and 

c i r c u i t  breaker  combinations used on the  model 707, 727 and 

737 a i rp l anes .  

ou t -of -ca l ibra t ion  ( t r i p  time vs. overload) c i r c u i t  breaker 

can r e s u l t  i n  damage t o  the  bimetal  of t he  c i r c u i t  breaker 

before  damage occurs  t o  t h e  wire. 

Shows that a combination o f  an  overload and a n  

Concludes that a r e a l i s t i c  t r i p  time versus  overload c a l i b r a t i o n  

c h a r a c t e r i s t i c  f o r  in -serv ice  c i r c u i t  breakers  can 'follow 

the  600' bimetal  temperature vs. time v s  overload curve. 

The s tudy and the  tests performed t o  der ive  t h e  data used 

i n  the  s tudy were undertaken as part of an FAA program t o  

determine t h e  impact of c i r c u i t  breaker anomolies on the  l i f e  

of  wire bundles on the  707, 727, 737 a i rp l anes .  
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FROM IBCRG LEGRL 

f 

A 6tudy has btrn undertaken t o  eatablish: 

1. The neoessity and v a l i d i t y  of oh-board t e s t i n g  of - - D6760 (BACCl8L) circuit brmukem an Bee- 307, 

7Z7 ar 737 atp lanam.  

2. A real i s t i t  t r i p  t i m e  V C ~ B U B  overload talibratian acceptance 

criteria for in-6ervicc circuit breakers. 

3. The applied overload levcl(a) to uae for on-board tecrtlng of 
a ircui t beakera. 

: 
Tho rstudy U B ~ G  vir0 protection ourvc  

companion pmgram dlscU~sed in Baeing Document D6-46254 '?]cravation 
of kire Protection Cwvrs and Compar5san 4 t h  Trip  Time Verslla Overload 

Charaeterioticr; a: the FACClSL Circu l t  Breaker". 

tempeRturc v e w u  overload verrma t i m e  cmrveti I -b 

-and. trip t i m e  ver~u6 overload data supplied by ~ a r l O U 6  

sirlincs as EI r c m l t  of sample testin6 of npproximatcly l.200 in-service 
circuit breaker; a:e used. 
i t  ic concluded that: 

derived 86 a r r d t  of a 

In sddit ion,  bfmetRl 

Thnse data are camparel and as a result 

1. A r e n l h t i c  trip t i m e  V C ~ S U P  overlmtd ezlibratipn ncceptancc 

criteria 6hould be, a curve which follows the 6&r bimetal 
temperaturr verms time,'overlced curve. 

2. A cambinatton o f  an overload and an out-of-calibration c ircui t  
breaker can result in damace to the CfrGUit breaker bimetal. 

This bimetal dnmaee rill gccur bccfore dameEt t a  the wire.  ? 

3- On-hard t e s t ing  i n d i c n t e d  C ! w t  orJy  72-15 of all breakere 
tested h a d  t r i y  t i m e  vcrsuz ovsrhad chnr=.cteristico within 

the procureme2t q e c i r i c e t i o n  7e.r the D 6 X h  circuit breaker. 
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4. 

5.  

6. 

7. 

8. 

, 9- 

Subsequent laboratory teeting shoved tbat 9% o f  the breakers 

whioh h d  "failed" the on-board test- actually a'et  the  t r i p  

time verau6 overload requlrwente of the specifiontion. 

In caee o f  an electriarl fault in the w i r i n g  of the squipaent 
96.4% of all braaksre t r r t e d  would hart trippad in t h e  to 
protect thq airmraft whins arrd w u l d  ha+@ aot sompmmiscd 

the integrity o f  the oircuit breaker bimetal.' _.  

2.H o f  all breakers tested would hata protected the w i r e  but the 
ckcu i t  breaker bimetal may huve been camprodsed. 

.a& 01 A?.J. breakers tested 400# uvcrlomd in the laboratory 
failed t o  tr ip i n  t i m e  ta protect tbe wire. 

Were 7.5 amp rated. 
7.5 mp circui t  breakers may have boea damaqed during oa-boar6 
t e s t  ihg . 

A U  such breakere 

Thclre i f i  evidence that mme or d 1  of thr8e 

011 the basis of the approximately 1200 circuit breakers tested 
ria l e s s  than IS Ia i l ing  t o  t r ip ,  a circuit-breaker oa-board 
teet lng p r a m  is eonsidered udesirahle for t h e  felloving 

rca~6ns: 

(a) Only one incident has been reported with the D6760 eerie6 
circuit breakers ia over I f  years af operation with over 

45,000 of this type Circuit breaker involved. 

(b) Preeeatly availanle portable t e s t  equlpmcnt and test ~1etb0d6 

uaed rw o n - b e d  testing lead to un exceeatvrly high rate 
aT u n j u t t i f i e d  removal of D6760 circuit brsakcre and lpal 

dsWgC o t h ~ u i 8 t  guod c ircui t  breakers, lade66 technique6 
requxring extremely high ell l eve l  a r e  used. 



Further damage o r  hazards m y  be introduced and remain 

i n i t i a l l y  undetected by unnecessarily disturbing c i rcu i t  

breaker panels and wire bundles. 

The c o s t  of replacing only the 7 1/2 amp c i r c u i t  breaker6 

would be approximately 81,600,OOO world-wide. 

The recurring cost  of  t e s t i n g  a l l  D6760 c i r c u i t  breakers 

would be approximately $225,000 based on an optimist ic  labor 

rate of 81O.oO/manhour. 
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h r l y  in April 19ZL. - reported a failure of B 

Terne Instnucatr a760 (BACC~~L) circuiC brcakmr. As a raault of 
thi6 failurn and mbe~qu~at invcctigationa, there ha4 been Considura- 

t ian  given to fhc need for electrically checking all D6760 c ircu i t  

breakers uhicb are in eervice, &€ore such a program could br 
usdcrtaken,howevcr, i t  i s  xrececrcery t o  e6tebllsb the fo l lov ihg 

tee t iag  cii t eria : 

1. Lerels or overload current whiah could bm used for  an-board 
CeEthg.  

2- bvorload currcnt varmr trap t i n e  crelibration curves for 
in-service ~ 6 7 6 0  circuit brcraksrs. 

Since the oirsui t  brePkers under cansidet-atioa are brcmkcrb vhleh 
have been'ih service, they could not reasenably be expected t o  most 

the overload current vsrma trip time calibyatian curves of o. new 

breaker. 
has t o  cansidet hot only thm time ihvalvcd for m y  given fault 

current to damage wire but a160 the effect tho feult  current will 
have on the bimetal o f  the circuit breaker. 'Each circuit breakor 
bimetal  has P erifical temperature which should not be exuoeded. 

Should this temperature be exceeded the b h e t Q  begins t o  lose i t 6  

i a t e g r i e  and d c m d a t i o n  of the circuit breaker raaulfs. 
Therefore, to establish m u  t r i p  l lmita for ih-merviea breakera 
it is a e c e m q  to  derive the birnetnl temperature curve8 of the 
D6W ~eriee circuit breaker. 

they relate t o  the protection curves o f  the v i r e  t o  W N i h  the 
circuit breakers are required to protect anrst Chcn bc -de. 

To establish new tr ip l i a i t c  for in-scrviaa breakere, One 

A n  analyeis o f  these otlrves and h# 

REV SYM 



REV SYM 

and schedule was i n i t i a t e d  t o  determine if a s a f e t y  problem 

ex i s t ed  wi th  t h e  Texas Instrument  Klixon D6760 c i r c u i t  breaker.  

As p a r t  o f  this program, b e i n g  was t o  "continue development of  an 

IBM program for determining c i r c u i t  b reaker  t r i p  times for 

d i f f e r e n t  w i r e  types". Texas Instruments  was t o  e s t a b l i s h  

bimetal  temperature curves  f o r  all ampere r a t i n g s  o f  t h e  D6760 
s e r i e s  c i r c u i t  breaker.  

AAL) were t o  t e s t  a l l  t h e  Texas Instrument  D6760 series c i r c u i t  

b reakers  on approximately 50 aircraf t .  
l onge r  than  10 seconds t o  t r i p  while ca r ry ing  a 4oos16 overload 

c u r r e n t  were t o  be removed from t h e  a i r p l a n e  and rechecked i n  t h e  

shop.. A l l  t r i p  t imes  were t o  be recorded and forwarded t o  Mr. Ken 

Craycraf t  o f  TWA who would a c t  as  program coordinator .  

A i r l i n e  o p e r a t o r s  (WA, PAA, UAL, EAL and 

Those breakers  that took 
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I1 TEST PROGRAM RESULTS 

Boeing Document D6-40254 "Derivat ion of  Wire Pro tec t ion  Curves 

and Comparison with Tr ip  Time versus  Overload C h a r a c t e r i s t i c s  of 

t h e  B A C C ~ ~ L  C i r c u i t  Breaker" w a s  re leased  by Boeing on 17 November 

1971. 
t h e  de r iva t ion  of  t h e  wire p ro tec t ion   curve^. 

a l s o  completed t h e i r  t e a t i n g  of  t h e  D6760 s e r i e s  c i r c u i t  breaker  t o  

e s t a b l i s h  t h e  bimetal  temperature curves  f o r  these parts. The 

curves  were forwarded t o  Boeing and have been combined with t h e  

wire p ro tec t ion  curves ex t r ac t ed  from Boeing Document ~6-40254. 

The composite curves  der ived from the  two s e t s  of curves  a r e  

contained i n  F igures  1-6 of this Report. 

The release of t h i s  document completed Boeing's t a sk  on 

Texas Instruments  

Review of  t h e  composite curves  of  bimetal  temperature versus  

wire p ro tec t ion  shows t h a t  f o r  a l l  l e v e l s  of overload cu r ren t ,  

t h e  c r i t i c a l  c i r c u i t  breaker  bimetal  temperature w i l l  be reached 

before  damage occurs  t o  t h e  wire. Therefore,  i n  determining the  

t r i p  time versus  overload c h a r a c t e r i s t i c s  f o r  in -serv ice  D6760 
c i r c u i t  breakers ,  t h e  maximum t r i p  t i n e  o f  t h e  breaker will need 

t o  be l i m i t e d  t o  i ts  c r i t i c a l  bimetal  temperature. Texas 

Instruments  r e p o r t s  that tests which have been conducted on the  

D6760 s e r i e s  c u r c u i t  b reakers  show that the  i n t e g r i t y  o f  t he  c i r c u i t  

breaker  begins  t o  degrade on those breakers  whose bimetal  temperature 

have reached 700OF. 

that t h e  maximum temperature which the  c i r c u i t  breaker bimetal  

can ob ta in  without adverse ly  a f f e c t i n g  the  c a l i b r a t i o n  of t h e  

c i r c u i t  breaker  is 600°F. 
h e a t - t r e a t  temperature of t h e  bimetal .  

Texas Instruments  has t he re fo re  s t i p u l a t e d  

This  temperature corresponds t o  the  

The amount of e l e c t r i c a l  overload t o  be appl ied  as a tes t  overload 

can a l s o  only be chosen t o  ensure t h a t  the bimetal  w i l l  no t  be 

compromised. As a r e s u l t  of t h e  overlap of  t h e  bimetal  curves  

with t h e  t r i p  time versus  overload curves f o r  the 25 and 50 amp, 

t h e  t e s t  overload should be a s  follows: 

REV SYM 
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. Breaktr6 up t o  and including 20 aarp - 400% of rated current 

Brcakere 25 amp and abevc - 200$ of rated current 

In addition t o  the  abova, t h e  airltnes have cornplated t e f i t i ~ g  of 

appr-imatelx 1NY) p6760 o k d t  breakere. Those breakers which 
have baea t e e t r d  on the  akplanes and which took longer than 10 
woonds t o  trig when oa- a 4- oucrlaad current were 

rechecked i n  the shop. 

Figure 7 s h o w s  the number of circuit breaker6 of each reling tested 

by the various airliaea and Figuree 8 a n d  9 ahaw the r r d t s  
of *he t e a t 0  w i t h  respect to the tn ta l  m h r  of circuit breekers 
tectcd- Initio1 reeulte o f t h e  on-bonrd tcshlng showed that 7 s  
o f  a l l  braakercr tested fell within the procurement epccification. 
Rorcver, laboratory testing of the 28% whiah f a l l e d  showed that 

LL fwther 9$ of all breakers tented actually fell within the 

procurement qecificatian, making a t o t a l  of 81%- In addi t ion ,  

using the 600" bimetal temperature R E  the acceptance criterion, 
e further 15% could be olaeaifimd a6 passing the test, raising 
the overall total of circuit breakers which would protect the 

b&*m and not cornproinire the c iroui t  breakor bimetal integrity t o  

96.4%. 

It I s  possible that the circuit breakers which exhibited &dp 

t h e 8  in exces6 of that required t o  pratect the wire (0.82% a 1  

the total) durine  laboratory tent,  were danvsed dur ing  tho i n i t i d  

o b - b u d  teeting. ! lM6 p o u t U t e  ; i ~  tiuppotted by the f a a t  thnt 
during on-board teeting, t h e e  of the cirou$.t breakers from one 
airplane were exposed t o  the overloads for excessive t i m e  periode. 

The rcjuctiozr of 9 of  the breakers whibll were actually uithm 
tolerance and the pQ6SiblG -hg of the 7.5 amp breaker& can 

be attributed t o  the t e s t  equipment and the tt¶d acthedo eCnpioyed 

for on-mnrd test ing of circuit brr?Akers. The reeulto obtained 
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from the  t e a t  m i  and teat  probca are entirely dependant on 

operator porformncc asd &ill. 

Zhilure o f  t h e  operatar to adhere very closely t 0  Cebt requirement6 
can reearlt in €urthrr degradation of merglnally Acceptable circuit 
breakers. 

able to t r i p  if an equipment or &i&g fault eub6equcntly occurs- 

Such breakers remaining in the aircraft m y  n o t  be 
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Abstract - Control of the  wire routing'and grouping of the many e q u i p n t s  
systems that are ins t a l l ed  in modern aircraf't is necessary to assure the  electro-  
magnetic compatibi l i ty  of the ultimate system. Controlled c l a s s i f i c a t i o n  of the 
w i r i n g  and t h e  bundlss reduces the interact ion of equipments caused by the inadvert- 
ent coupling r e su l t i ng  from random instal la t ion.  Wire routing control  is mandatory 
t o  prevent the  in te rac t ion  of individual systems and may a l so  be required with wiring 
associated with system tha t  a r e  susceptible t o  self-interference.  The minimum design 
concept f o r  adequate wiring isolat ion is defined in  t h i s  paper. Defini t ive grounding 
of systems and the  attendant grounding methods, including the  bonding of a l l  equip- 
ment i n s t a l l a t ions ,  is 8 significant part  of the overal l  compatibil i ty of the  elec- 
t r i ca l / e l ec t ron ic  environmen;. bphasis is directed towards t h i s  area. 

I. IM'RODUCTIUN c 

For many years a i r c r a f t  have been increasingly burdened with e l e c t r i c a l  and elec- 
t ron ic  equipment. These equipments have been evolved fram the  simple dc systems, 
of not so many years ago, t o  the modern integrated complexes operating e n t i r e l y  on 
an ac power source. As a resu l t ,  the modern environment is one that is dynamic in 
nature where t h e  e q u i p e n t s  are subjected t o  an ambient electramagnetic f i e l d  of 
cmplex shape and frequency. It is not strange that some of t h i s  ambient energy will 
appear on the wiring. 

Much has been done t o  reduce interference at  the  component, equipnent and system 
levels. Li t t le  information is available concerning the in s t a l l a t ion  of equipment 
inter-connect iw wiring. Sparadic inrerest  has occurred in  w i r i n g  compat ibi l i ty  
where the various schemes vary fram the. custom ins ta l la t ion  ( the  reference is t o  
"build-it" and "f ix- i t"  methods) t o  the over-designed bmte-force technique. The 
airframe manufacturer is confronted with the ins ta l la t ion  problem i n  which t h e  in t e r -  
connecting wire coupling e f fec ts  upon any of the  e q u i p e n t s  can only be estimated. 
Few equipment manufacturers are prepared t o  indicate  t h e  necessary i n s t a l l a t i o n  pre- 
cautions required for compatibility. The precautions would include requirements for 
spec ia l  w i r i n g  (other than single conductor) , threshold suscep t ib i l i t y  values over 
a spec i f i sd  frequency range, and the  Characterist ics of t he  conducted and radiated 
energy over a broad frequency range. The fac t  remains that spec ia l  i n s t a l l a t i o n  
requirements of wiring is necessary because most equipments radiate ,  and almost a l l  
equipments ar9 suscept ible  sonewhere in the electrcmagnetic s p e c t m .  

The method of wiring cont ro l  t o  be described c l a s s i f i e s  a l l  of the  interconnecting 
w i r i n g  in accordance with the energy carr ied by each wire and the  probabi l i ty  of 
that w i r e  becoming 
b i l i t y  is achieved 
ing only the  w i r e s  

e i t h e r  a "transmitter" o r  8 "receiver." A hiqh degree of c m p a t i -  
by physical separation of the categories of bundles and by group- 
of s imi la r  charac te r i s t ics  an6 voltage levels .  
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For example: a wire carrying 28 vo l t s  t o  a lamp would not be susceptible t o  a wire 
carrying 115 v o l t s  t o  a motor. However, i f  the 28 vol t  w i r e  is connected t o  a servo 
ampl i f ie r  then  a degree of suscep t ib i l i t y  might ex i s t .  Therefore, the  f i r s t  problem 
is t h e  inductive suscept ib i l i ty  of a wire. The induced voltage is dependent upon the 
separat ion dis tance of the wires and the  coupling area o r  pa ra l l e l  distance.  There 
are many o the r  factors ,  but if the spacing between t h e  wire is  infinite and t he  
parallel l ength  is zem a coupling problem w i l l  not ex is t .  

The other  f ac to r s  are modifiers useful  t o  the design engineer t o  deternine the  
minimum required separation versus bhe maxim pa ra l l e l  distance before t h e  threshold 
s u s c e p t i b i l i t y  is exceeded. 

The o ther  problem of wire coupling is tha t  experienced from e lec t ro-s ta t ic  f i e l d s  
(voltage) usual ly  associated with t h e  radio frequency spectrum. Physical i s o l a t  ian 
w i l l  reduce same of the voltage coupling but not as ef fec t ive ly  as for magnetic 
f i e l d  coupling. Generally, e l e c t r o s t a t i c  coupling is associated with high impedance 
c i r c u i t s .  Many low impedance c i r c u i t s  can become ca r r i e r s  of e l ec t ros t a t i c  energy 
that is conducted d i r ec t ly  t o  a susceptible c i r cu i t .  Such c i r cu i t ry  is adversely 
a f fec ted  by external  coupling. kequenr ly ,  the reduction of external coupling aoes 
not a l l e v i a t e  t he  problem. Many of these were found t o  be caused by coupling between 
the  i n t e r n a l  w i r i n g .  The usual precautions are employed f o r  e l ec t ros t a t i c  i so la t ion  
such as shielded wiring and, equally important, the proper grounding of the  shield.  
The grouping of susceptible wires away fram "transmitter" wiring frequently reduces 
the requirements f o r  shielding, 

The wire c l a s s i f i ca t ion  methods, described in  t h i s  paper, have evolved over a number 
of years. However, it was only a few years ago tha t  the environment reached the  
degree of complexity where t h e  exteneive use of classified wiring was required. 

An analysis was conducted on onemodel of a i r c ra f t  t o  deternine w h a t  could be done 
to con t ro l  t he  interference caused by t he  interconnecting w i r i n g .  All of t h e  empirical 
and t h e o r e t i c a l  data  colected over the  years was evaluated and a log ica l  model of 
t he  proposed method was developed. The a i r c r a f t  was completely remodeled with the  
new system. After t e s t ing  t h e  aircraft, it was found necessary t o  change one w i r e  
frm a s ing le  braid coaxial t o  a double braid. F i l t e r s  that had been in s t a l l ed  on 
the o r i g i n a l  a i r c r a f t  to reduce interference were found t o  be unnecessary a f t e r  
implementation of t he  c l a s s i f i ca t ion  technique. The a i r c r a f t  was a complex mi l i t a ry  
type that had 8 history o f  mult iple  interferences. Once the  wire c l a s s i f i c a t i o n  had 
been implemented, severai  of the more vexing problems were revealed as being self- 
induced. 

w 

A second model airplane had a similar history of severe and subt le  interferences 
that were subdued b.y the  usual costly rework and 108s of t i m e .  The e n t i r e  system 
was c a r e f u l l y  categorized by de ta i l ed  evaluation of each equipment. After test, one 
fix was requi red- the  installation of a diode t o  quiet  down the inductive kick of a 
relay. The subt le  interferences were resolved t o  be self-induced within spec i f i c  
systems. 

The la t ter  aircra f t  has been in current  production for one year without any in te r -  
ference problems. Wire c l a s s i f i c a t i o n  w i l l  make the product like "peas in  a pod" as 
compared t o  others  without wire c l a s s i f i ca t ion  which may exhibit  wide variance of 
in te r fe rence  from uni t  t o  uni t .  

2 . -  
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Design Concept - The minimum desi@ concept for adequate wiring Isolation is based 
upon c l a s s i f i c a t i o n  according t o  the energy and power that t h e  wire car r ies .  A 
second considerat ion is that of the  iznpedance of the wire that m y  c s r r y  spurious 
energy. This will indicate whether the interference may be induced by either V e t i c  
or e l e c t r o s t a t i c  f i e l d s  or  both. The third consideration is the divis ion according 
t o  the  s u s c e p t i b i l i t y  of a given wire t o  e i t h e r  inductive or e l ec t ros t a t i c  coupling. 
For example: a wire t o  the input of an mplifier ie more susceptible t o  spurious 
energy than a wire connected t o  a motor. 

Category I - Power W i r i q  - Category I 'is cmprised of the following examplee: 

1. 
2. 
3. 

Three Phase d i s t r i b u t i m  wiring (1l5/200 volts ac) 

Single phase dist r ibut ion w i r i n g  (ll5 vol t s  ac) 

Other wiring carrying U S  volts ac 

There are t w o  sources of coupled energy that can cauae interference in to  numerous 
syatems: the magnetic f ie ld  and the  e l ec t ros t a t i c  field. Of the two, the magnetic 
f i e l d  is t h e  most d i f f i c u l t  t o  handle since shielding is ineffective.  The p rac t i ca l  
method for magnetic f i e l d  isolat ion is physical separation where the current-carrying 
wires are i so la ted  from other wiring that is susoeptible t o  w e t i c  coupling. Power 
systems are insens i t ive  t o  coupled magnetic f i e l d s  from other power l ines.  Motors, 
relays,  most power transformers, actuators,  and other power devices are inherently 
insens i t ive  t o  induced voltages, induced phase shift, t ransients ,  etc: Therefore, it 
is possible t o  group all dis t r ibu t ion  power lines into ane category. Primary, or 
feeder w i r i n g ,  is not grouped with d i s t r ibu t ion  w i r i n g  t o  minimize damage i n  the  case 
of f a u l t  currents .  

All of the  noted wires may be bundled in to  groups dependent upon the ins t a l l ed  w i r i n g  
configuration. 

Category I1 - Secondary Power - Secondary power w i r i n g  is  grouped into Category 11. 
bcondary  power w i r i n g  is generally classed as wiring carrying watts of paver at 
voltages less than U5 v o l t s  (ac/dc). Secondary pawer wiring can be troublesome in 
r e s t r i c t e d  areas such as cockpits, radio racks, conduit runs, and other  areas requir-  
ing dense w i r i n g  runs. Since the w e t i c  field is d i r ec t ly  related t o  the current,  
and secondary power l i nes  a re  found in  sensi t ive equipment wire bundles, it has been 
necessary t o  c r e a t e  t h i s  category. Secondary power lines &a usually associated with 
i n t e r i o r  l i g h t i n g  c i r cu i t s ,  synchro c i r c u i t s ,  small motors, actuator  c i r c u i t s ,  etc. 
Therefore, Category XI is comprised of the following examples: 

1. Low-voltage power c i r c u i t s  

2. Low-voltage lighting c i r c u i t s  

3. 

4. 

Synchro and servo c i r c u i t s  not in Category IV 
Includes wiring from an equipment power supply t o  other equipments within 
the same system for dc voltages up t o  5000 volts. 

Category III - Control Wiring - Reference was made in  Category I on the coupling 
e f f e c t s  of the magnetic and e lec t ros t a t i c  f i e lds .  In Category 111, the wiring is - -  - 
grouped according t o  the  t ransient  fields that exhibit  both characteristics. Line 

3 
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t rans ien ts  occasioned by operating charac te r i s t ics  of the equipment can produce 
t rans ien t  magnetic f i e l d s  associated with a fast rise t ime of the current. High 
voltage transients, caused by the  familiar "inductive kick-back" can produce broad- 
band RF voltages. Therefore, Category 111 is similar t o  Category I T  except that it 
a l so  c a r r i e s  t r ans i en t  energy. Category I11 is camprised of the following examples: 

1. 

2. 

All w i r i n g  that involves the  operation of relays (solenoid),  stepper 
switches, autanat ic  haning switches, intermittent pulsing energy, etc. 

Any other wire that can produce pulse energy caused by operating character- 
istics of t h e  system or equipment such 83 wir ing  t o  f lash ing  incandescent 
o r  f luorescent  exterior lighb 

Note: Category 111 can be converted t o  a Category I1 by reducing or eliminating 
t rans ien t  energy, Category 111 could be eliminated en t i r e ly  by use of t rans ien t  
suppressors at each relay o r  inductive device. Other wiring could be placed i n  
Category 11 by detennining the frequency of occurrence of t rans ien t  energy 
that could affect other equipment1 I f  the t ransient  does not a f fec t  a c r i t i c a l  
c i r c u i t  or an equipment l i s t e d  under safety of f l i g h t ,  then it may be changed 
to Category 11. Eventually, by consideration of these elements in  the  design 
stage, the need for t h i s  category may not be required. 

Category IV - Sens i t ive  Wiring - Sensi t ive wi r ing  is sanewhat of a misnomer s ince  
sensit iveness is d i r e c t l y  re la ted  t o  suscept ib i l i ty  in  this case. There a r e  many 
wires within a system o r  camplex that would appear under t h i s  category. Most of the  
wir ing  in  t h i s  category is susceptible t o  e l ec t ros t a t i c  types of energy because of 
high impedance c i r c u i t s .  Law impedance c i r c u i t s  a r e  susceptible t o  magnetic f i e lds .  
However, a l o w  impedance c i r c u i t  can act  as a cazr ie r  of e l e c t r o s t a t i c  energy that 
w i l l  conduct spurious energy d i r ec t ly  into a sensi t ive c i r cu i t  such as a microphone 
input t o  an ampiifier.  lhal protection i s  usually required f o r  these c i r c u i t s .  

Category IV is comprised of the following examples: 

1. A l l  microphone c i rcu i t s .  These invariably require twisted/shielded leads t o  
reduce coupled v e t i c  f i e l d s  and prevent the conduction of e l e c t r o s t a t i c  
RF f i e l d s .  

All audio output and video output c i r cu i t s .  

All s e n s i t i v i t y  control c i r c u i t s  and volume/gain controls.  

All cathode and grid c i r cu i t s .  
Signal wiring requiring a "shield out" shield. 

All  metering and bridge input c i r cu i t s .  

All c i r c u i t s  associated with signal inputs t o  a corrrputer. 

A l l  s i gna l  c i r c u i t s  associated with a demodulator. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

A high percentage of the above w i r e s  are required by the designer t o  be shielded. 
avoid ground c i r c u i t  problems it is neceemry t o  emphasize that a l l  shielded wire 
shall be insulated with an external non-conductive jacket. 

To 

Category V - Suscept ible  Wiring - Experience has shown that ce r t a in  wiring is ex- 
tremely suscept ible  t o  most a l l  leve ls  of e l e c t r i c a l  energy. Such wiring shall be 
routed free of a l l  other  wiring and must not be grouped in to  a bundle unless associated 

4 
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with a single system. Antenna cables may be grouped provided that the shielding 
i n t e g r i t y  of t h e  entire system is good. H i g h  power antenna cables and pulse cables 
shall b e  run separately.  

Category V is comprised of the  following examples: 

1. A l l  radio ante- coaxial cables. 

2. 

3. F i r e  Warning shielded wires. 

4. Fuel Quantity coaxial cables. 

5. 

6. 

A l l  w i r i n g  t o  electro-explosive devices. 

Liquid Oxygen indicator c o a x i a l  cables. 

Other wiring pertaining to  safety of f l i gh t  items such a0 anti-skid systems, 
spo i l e r  ac tua tor  c i r cu i t s ,  etc. 

Category V I  - System Wiring - Category V I  is a compromise designed for convenience 
of in s t a l l a t ion .  To minimize extensive separation of system w i r i n g  bundles and t o  
reduce the resu l t ing  wiring camplexity, cer ta in  system bundles may contain wiring 
that otherwise would appear i n  Categories 11, 111, and IV. The category does not  
contain w i r i n g  t ha t  is classed as Category I o r  V. System groups may be i n s t a l l ed  
only a f t e r  careful analysis has indicated that the system is f r ee  of self-induced 
interference.  An example would be the  Automatic Flight Control System (AFTS) that is 
inherently susceptible.  The AFCS usually ha3 ~~lany interconnecting wires between 
mult iple  b lack  boxes grouped in close proximity. These runs, and the $ow xuns from 
the  imnediate area t o  the control  center,  are classed as Category V I .  There may be 
more than one system within the  complex that has been classlfied as a Category V I .  
It is suggested that each system bundle be identified and routed separately.  It is not 
r ecmended  tha t  bundles of Category V I  be grouped together. 

Design L i m i t s  f a r  Separation -Minimum coupling between wires of the various categories 
can only be controlled by specifLing the minimum d i s t a r p x  t o  be mintained throughout 
the cable run. Table I gives  the minimum design data for physical isolat ion.  Modifi- 
cations t o  the rather r i g i d  requirements are described in subsequent paragraphs. It 
mt be emphasized that the design paramters noted in  (Table I)  are tc be used as the 
m i n i m ,  and that the canpromises suggested be used only where necessary. Compromises 
a r e  the respons ib i l i ty  of the Electromagnetic Compatibility engineer and are  usef'ul 
only when the threshold suscep t ib i l i t y  of a given wire is hewn. 

Classifying the categories as '.'trangmitters" and "receivers" will help in understanding 
why the groups are spaced and will assist in the selection of compromises where required. 
It w i l l  be noticed tha t  Categories I, 11, and 111 may be classed as transmitters and 
that categories  N ,  and V as good broadband receivers. Category VI is in the pos i t ion  
of proving that it w i l l  not in te r fe re  with i t s e l f  since it  contains potential trans- 
mitters and receivers.  Another way of c lass i f ica t ion  is t o  consider that Categories 
I and I1 carry r e l a t ive ly  intense n q p e t i c  f ie lds ,  Category XI1 ca r r i e s  W n e t i c  f i e l d s  
of similar in tens i ty  and t rans ien t  RF f i e lds  of r e l a t ive ly  high energy with a oroadband 
d is t r ibu t ion .  Categories IV and V are. then susceptible t o  these f ie lds .  The t h i r d  con- 
s idera t ion  is that the groups car ry  similar types of energy: Category I, power l i n e  
voltages (115/200 vo l t s  ac); Categories XI and 111 car ry  law voltage power (28 vol t s  
ac-dc) ,  and Categories N m d  V carry signal voltages and kequencies. The method of 
c lass i fy ing  is based upon the minimum voltage g a d i e n t s  between wires within any given 
category . 
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Ins t a l l a t ion  Consideration -The poss ib i l i ty  or minta in ing  the minimum separat ion d i s -  
tance for a l l  categories throwhout the aircraft is r emte .  Structural areas and design 
prohibi t  such luxuries.  R e q u i r k n t s  for  the three conmon areas of m i n k  i so la t ion  
are noted in  the following: 

Lightening Holes -Wire bundles shall maintain the minimum spacing until they im- 
mediately en te r  the l ightening hole and shall  break away a t  the first opportunity. 
Lightening hole pa ra l l e l  runs are added t o  compute the overall  parallel run. Nor- 
mally, there is no re s t r i c t ion  on the category of bundles. It is preferred,  however, 
t o  route Categories IV, V, and V I  through adjacent holes wherever possible. The 
categary t o  be routed through adjacent holes depends upon the physical s i z e  of the 
bundle, see Figure 1. 

Camnan Plugs-Carman equipment plugs and bulkhead plqcs are treated the s a m  as for 
l ightening holes. C o m m  plug wirbg should break into categories as soon as pos- 
s i b l e ,  see Figures 2 and 3. 

Conduit-Grouping of bundles in conduit w i l l  be similar t o  the grouping used for 
m i a g e  clamping. Non-mtallic conduit is preferred. Metallic conduit m y  be used 
t o  increase the i so la t ian  when canduits are closely nested and t o  take advantage 
of the shielding e f fec ts .  Aluminum canduit should be used far e l e c t r o s t a t i c  shield- 
ing and spec ia l  purpose steels far magnetic "shieldmg.'' Unrestricted use of metal- 
l i c  conduit should be discouraged since the ref lected inner fields could increase 
coupling between wires within the conduit, see Figme 4. 

Compromises -P rac t i ca l  considerations for t h e  ins ta l la t ion  of bundles requi re  s m  mdi- 
f i c a t i m  of the basic rules. 1% must be emphasized that modification of the basic  rules 
must be held t o  an absolute miniman. There will be areas where the minimum spacing of 
the bundles cannot always be maintained. Other areas my require t h a t  t h e  w i r e s  origi- 
nating a t  an e q u l p n t  plug must be bundled t x e t h e r  for a specified dis tance.  The in- 
s t a l l a t i o n  designer must control the w i r i n g  t o  ensure that the compromised areas do not 
result i n  an unbalance towards th? interference end of the scales. What is lost an ane 
end of the sca les  must be regained cm the other. 

Category VI-Category V I  is a c q r a n i s e  as noted under the categories .  

Marriage Clamping-The minimum design spacing may be relaxed in  close areas such as 
cockpits,  cont ro l  centers,  and other dense areas. This is based upon achieving sepa- 
r a t ion  in the rest of the aircraft that results in  coupling far below threshold sen- 
s i t i v i t y .  The followiw categories may be marriage clamped: 

Category 
1. If with I11 
2. IV with V 
3. VI with e i the r  11, 111 or IV 

It is r e c m n d e d  t h a t  Categcry I not be marriqe clamped with any other  category 
or group. Maximum distance should be maintained between Category I and Categories 
IV and V. 

Special. Wi r iq -Spec ia l  w i r i n g  includes a l l  types of wiriw configurations other 
than the sqle-ccmductar-insulated wire. Special wires are always used for the con- 
t r o l  of interference and, in the wire categorization plan,  they are used for  isola- 
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t i a n  purposes where the m i n i m  physical i so la t ion  distances m5t be reduced for 
prac t i ca l  reasons. Therefore, the spec ia l  wiring would replace t h e  s ingle  conductor 
wire under ce r t a in  installat ion coIldit ions. 

There are two types of special wire: t w i s t e d  wires (two ar more) and shielded con- 
ductors (one o r  more). Twisted wires are used for  control of rad ia ted  o r  induced 
magnetic f i e l d s ,  and th8 shielded wire is used for the containraent or exclusion 
of e l e c t r o s t a t i c  f ie lds .  Combinations of both are used where the c i r c u i t r y  my be 
suscept ible  t o  mgnetic and e l ec t ros t a t i c  fields. Configurations r ecomnded  for 
use include the following: twisted pa i rs ,  shielded twisted pairs ,  shielded s ingle  
conductor, ani the various configurations of coaxial  cable. 

Special  w i r i n g  is used anly when and where necessary i f  not ca l l ed  out i n  the sys- 
tem design. Use of special  wiring is an admission that the system is susceptible 
or radiates over some specified portion of the e l e c t r a m g e t i c  spectrum*(just  like 
a gasket is an admissian that a perfect mechanical joint  cannot be obtained).  Re- 
quirements for  extensive use of special  w i r i n g  my be reduced by considering the 
s n v i r o m n t a l  effects preliminary t o  the design of the e lec t r i ca l / e l ec t ron ic s  
portion of the system. Wire categorization does not require, per se, addi t ional  
r equ i r emnts  for the  use of special  wire. The necessity for the use of spec ia l  
wire can be reduced in  m y  cases. Unrestricted use of shielded w i r e .  can produce 
more problems than it cures, and the unrestr ic ted use of twisted wir ing is frowned 
upon because of the increased cross sec t iona l  area. Special wiring ins ta l led  for 
the prevention of coupling can be eliminated for  the most par t .  Under the categori- 
zatior. rules, spec ia l  w i r i n g  is used only i n  areas where the des- separation 
d i s t a m a s  cannot be  achieved. 

Special  Wiring and Pig ta i l s  
l'y so  highly ca-gested that 
The problem- can $e resolved 

-Electronic and [e lec t r ica l  equipmat racks are  frequent- 
wire separation t o  the design limits is an impossibility. 
by considering all of the wires emanating f'rom a single 

equipmnt p l u g  3s a p ig t a i l  t o  where the wires can break out i n t o  categories  at a 
d i s t r ibu t ion  center  or a terminal board. P i g t a i l  length c a n m u y  frm two t o  ten 
feet .  Lengths i n  excess of ten feet  should be considered for c l a s s i f i c a t i o n  into 
categories.  Since space isolat ion is not possible in a p ig t a i l ,  the  only recourse 
is t o  specify the use of special w i r i n g ,  refer t o  Figure 5. Power w i r i n g  should be 
t w i s t e d  with the ground return for wires grouped under Categories I and 11. Single 
conductor s ignal  w i r i n g  should be shielded (Categories IV and V ) .  Two conductor 
signal w i r i n g s  (Categories IV and V), such as microphone c i r c u i t s ,  should be twisted 
and shielded. Category 11, other than power w i r i n g ,  and Category 111 do not require 
spec ia l  wiring. In general ,  the requiremnt  for special wiring t o  achieve isolat ion 
in  a p i g t a i l  grouping does not e x i s t  after the w i r i n g  has entered the proper cate- 
gories. Figure 6 is a description of an e q u i p e n t  rack uti l izing p i g t a i l s  From the 
equipmnt plugs t o  the terminal junction and then t o  the categorized sh ip ' s  wiring. 

'In referring t o  Figure 5 ,  it will be noticed that the categorized w i r q  has been 
labeled in a def in i t e  order. When using p a r a l l e l  rn (wherls a l l  of the categories 
a re  in #the s a m  plane) it is desirable t o  locate  the bundles f o r  minimum coupling. 
The suggested arder would be: 1, 2, 3, 6, 4, and 5 where Category I is always the 
f a r thes t  dis tance f'rm any terminal board w i r i n g  and/or Categories IV and V. 

Ground Wires-Ground wires shall always take the category of the mating "hot" wire. 
bisting of pairs of 'wi res  always refers t o  the hot wire and the (ground) return. 
Twistzd pa i r s  of wires m y  be used on c i r c u i t s  of e i the r  transmission (Catzgories 
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I, 11, and 111) or c i r c u i t s  of reception (Categories IV and V). h e  former reduce$ 
the mgnet ic  f i e l d  coincident with current flow and the l a t t e r  i nh ib i t s  induced 
mgne t i c  f i e lds .  'Ikisted wires may also be used t o  reduce the loop  aperture  where 
a t i g h t  t w i s t  results in  minimum loop area. 

Ground Studs-All  ground studs will take on the category of  the a t taching wire.  
This i m d i a t e l y  s t a t e s  tha t  only ane category can be cannected t o  a given ground 
stud. 

Engineering Control-Engineering control of the wiring n s t a l l a t i o n  is a coro l la ry  t o  
the wire c l a s s i f i ca t ion  p l a n .  Previously, engineering furnished the w i r q  schematics 
and pert inent  data. Actual in s t a l l a t ion  of the a i r c ra f t  w i r i n g  was accomplished with- 
out spec i f ic  e n g i n e e r i q  requiremnts  for a specif ic  installation design. Wirq in- 
s t a l l a t ions  were then frequently mdi f i ed  by the e l e c t r o , m p x i c  compatibil i ty group 
t o  reduce interwiring interference.  If the  wiring ins ta l la t ions  could not be modified 
for diverse  reasons, efforts for  interference reCuction were then directed at the a f -  
fected e q u i p n t .  Occesionally, t h i s  resulted in equiprent redesign t o  operata satis- 
f ac to r i ly  in an interference enviranment. More often,  external  f i l t e r s  were required.  
The desired engineerirg control is accanplished by careful ly  designing. the i n s t a l l a -  
t ion on the developnent a i r c r a t t  in accordance with the data contained i n  this paper. 
Ram t h i s  effor t ,engineer ing control of the actual  wire runs and locations is estab- 
lished. m i n e e r i n g  documents define the c lass i f ica t ion  of each bundle where each 
wire in  the bundle is ident i f ied.  Applicat im of the engineering control  made it 
.7landatory that subsequent a i r c r a f t  would be w i r e d  ident ical  t o  the developwnt a i r c r a f t .  

Applicatian of a c la s s i f i ca t ion  plan t o  dl1 of the w i r i n g  in tne a i r c r a f t  will r e sd t  
irA 2 considerable reduction of system interferences caused by inadvertent wire coupliqj .  
Many of the knotty probiems associated with the  equipment or auxi l iary hardware can then 
be defined as having been caused by  wire coupling. The reverse may also be t rue .  In te r -  
ferences, mistakenly l a i d  t o  wire coupling, may be resolved as system def ic ienc ies .  
Xir5 c l a s s i f i ca t ion  is a d i s t i n c t  a id  in  the solution and tracking down of many e lec t ro-  
w e t i c  compatibil i ty problems. The c lass i f ica t ion  plan does not conf l ic t  w i t h  c i r c u i t  
o r  interconnecting wiring design. It is merely a specif ic  installation procedure. The 
preparation of drawings that apply a part number t o  t h e  w i r i n g  are not a f fec ted  by wire 
c la s s i f i ca t ion  requirements. Removals or additions of equipment t o  an e x i s t i n g  aircraf t ,  
present no major problems. Econamically, the cos ts  of engineering design are more than 
of fse t  because of the m i n h  rework for a given production desi@. Rework of  the  f i n a l  
installation desim fat t w o  military types of aircraft has been negligible.  Wire c l a s s i -  
f ica t ion  eliminates the wide variance in campstibil i ty found on a i r c r a f t  that contain 
a randam w i r i n g  i n s t a l l a t i an .  

The mstcrlal preoenrsd hereln 19 basad upon Wort condurtsd 
b y  the Alrcrsf t  Dlvlsion o f  Douclaa In the Dcrforrnancc or  con- 
tract3 for the Bureau of Naval Weapons. 
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1 .o INTRODUCTION 

The t h i n  w a l l  i n s u l a t e d  e l e c t r i c  w i res  used on t h e  e a r l y  models of 
t h e  wide body j e t s  were se lected,  q u a l i f i e d  and i n s t a l l e d  i n  accord- 
ance w i t h  procedures and techniques which had been standard i n  t h e  
commercial a i r c r a f t  manufactur ing i n d u s t r y  f o r  y e a r s .  tlowever, i n c i -  
dents  o f  f a i l u r e  o f  t h e  w i r e  i n s u l a t i o n  a f t e r  pe r iods  between f i v e  and 
t e n  thousand f l i g h t  hours cave r i s e  t o  s p e c u l a t i o n  t h a t  techniques 
and p r a c t i c e s  which were f o r m e r l y  s a t i s f a c t o r y  may n o t  be s u f f i c i e n t  
t o  ensure t h e  i n t e g r i t y  of a i r c r a f t  w i r e .  
p o r t e d l y  f a i l e d )  w i r e  shows t h e  f a i l u r e  t o  be t h e  r e s u l t  o f  ab ras ion  
of t h e  w i r e  i n s u l a t i o n .  T h i s  ab ras ion  cou ld  have been caused by w i r e  
r u b b i n g  on w i r e  o r  w i r e  rubb ing  on meta l  and o the r  m a t e r i a l s .  
p r a c t i c e s  and designs f o r  i n s t a l l a t i o n  of t h e  w i r e  have been r e v i s e d  
and p u t  i n t o  e f f e c t  q u i c k l y  i n  o rde r  t o  reduce t h e  exposure of t h e  w i r e  
t o  v i b r a t i o n  and shock induced environments which cause t h e  ab ras ion .  
However, t h e  f a c t  remains t h a t  when t h e  w i res  i n  ques t i on  were s u b j e c t  
t o  q u a l i f i c a t i o n  t e s t i n g  p r i o r  t o  s e l e c t i o n  f o r  a i r c r a f t  usage, t h e y  
passed t h e  t e s t s  which a r e  designed t o  i d e n t i f y  and c a t e g o r i z e  t h e  
ab ras ion  r e s i s t a n t  q u a l i t i e s  o f  t h e  i n s u l a t i o n .  The f a c t  t h a t  t h e  
wearout p a t t e r n  evidenced f rom i n  s e r v i c e  f a i l u r e s  i s  d i f f e r e n t  from 
t h a t  ob ta ined  by e i t h e r  scrape o r  t ape  ab ras ion  t e s t i n g  r a i s e s  t h e  
ques t i ons  - Are t h e  p resen t  scrape ab ras ion  and tape ab ras ion  t e s t s  
mean ing fu l?  I f  so, 
what should comprise t h a t  t e s t ?  

Ana lys i s  o f  f a i l e d  (and p u r -  

Techniques 

Should these t e s t s  be auqmented by another  t e s t ?  

I n  an a t t e m p t  t o  p r o v i d e  answers t o  some o f  these quest ions,  a w i r e  
a b r a s i o n  e v a l u a t i o n  program was e s t a b l i s h e d  i n  mid-1974. 
r e p o r t  documents t h e  work accomplished t o  d a t e  i n  t h e  area of w i r e -  
on- w i r e  a b r a s i o n  t e s t i n g .  

T h i s  

REV SYM 



i--- < 3 . 0  
DEVELOPMENT OF THE TEST 

0 

3.1 

The i n i t i a l  task was t o  examine the wires which had been returned from 
service t o  determine the nature o f  the f a i l u r e .  I n  a l l  cases, i t  was 
evident t h a t  the f a i l u r e  was occurring as  a r e s u l t  of abrasion of the 
insulat ion.  Figures 1 and 2 show examples of wear of the insulat ion.  
As can be seen, the wear patterns are  d i f fe ren t .  
Figure 1 i s  postulated t o  have resulted from wire r u b b i n g  on wire 
tangent ia l ly  i . e . ,  wire beating on wire; hence the small area over 
which the abrasion damage i s  spread. 
postulated t o  have occurred when wires a re  in intimate contact with one 
another and a t  the same time moving longitudinally with respect t o  
one another. I t  was fur ther  postulated t h a t  while ins ta l la t ion  d e t a i l s  
such a s  clamps, t i e s ,  e t c . ,  can minimize many of the wire abrasion 
problems, i t  will be impossible t o  eliminate a l l  movement of  wire with 
respect to  other wires e i t h e r  i n  bundles or a t  breakouts. Accordingly, 
i t  was decided t h a t  a t e s t  which consisted of wire r u b b i n g  on wire 
would be meaningful. Wire bundles a r e  no longer "combed" during 
manufacture. Therefore, i t  i s  possible t h a t  wires w i t h i n  b u n d l e s  
can be twisted with respect t o  one another a n d  tha t  breakcuts can become 
crossover point .  I't was decided t h a t  a practical  simulatlon of i n -  
f l i g h t  abrasion could be realized by causino movement of one wire 
r e l a t i v e  t o  another wire about which the f i r s t  wire i s  twisted as  
shown i n  Figure 3.  In the i n i t i a l  t e s t ,  the frequency of motion, the 
distance of motion a n d  the force between the wires (controlled by the 
tension applied t o  the s ta t ionary wire) should be r e a l i s t f c  with respec t -  
t o  the airplane environment b u t ,  should be suf f ic ien t ly  low t o  minimize 
the introduction of f r i c t i o n  induced heating. 

The wear shown in 

The wear shown i n  Figure 2 i s  

Vi bration Laboratory Test Equipment 

A t e s t  f i x t u r e  representing the t e s t  s e t  u p  shown i n  Figure 4 was 
constructed i n  the Vibration Laboratory in the 9-101 Building, Develop- 
mental Center. The t e s t  f i x t u r e  i s  shown i n  Figure 5 and 6 .  

The f i x t u r e  can accommodate u p  to  11 pairs  of crossed wire samples 
a t  any given time. T h i s  fea ture  was incorporated f o r  the following 
s p e c i f i c  reason. 

1 .  I t  allows f o r  comparison of eleven paired-samples of the same 
wire under identical  environmental conditions, in order t o  der ive 
more data for  s t a t i s t i c a l  analysis .  

2. I t  allows for  comparison of u p  to eleven d i f fe ren t  types of wire 
pairs  under the same environmental conditions. 

Each wire i s  connected t o  a system which monitors the number of cycles 
t o  which i t  has been exposed and automatically shuts down the equipment 
when the insulation between two wires i s  t o t a l l y  abraded a n d  a ccnductor 
t o  conductor short  occurs. 

To minimize the e f f e c t s  of f r i c t i o n  temperature on the wire insulat ion 
in  the crossover area,  the following test parameters were controlled: 

REV SYM 
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3.3 T e s t  Program (Cont inued) 

POSITION 

TABLE I 
WIRE TYPES VERSUS FIXTURE P O S I T I O N  
( V i b r a t i o n  Lab., 0.6 1bs.Tension) 

WIRE TYPE AWG . DESCRI PT I ON 

BMS 13-13 
2 BMS 13-13 

BMS 13-31 
l /  

4 3 !  BMS 13-31 

5 BMS 13-42B 

6 i BMS 13-42B 
7 t  ! BMS 13-42C 

20 ! PVC Nylon 

20 PVC Nylon 

20 f M F  T e f l o n  
20 i MF Te f lon  

i 
4 

20 

20 
20 

8 f BMS 13-42C : 20 
9 BMS 13-48 20 

10 * BMS 13-48 1 20 
4 11 BMS 13-38 20 
' 5** MIL-W-81381/12 20 

6** MIL-W-81381/12 20 

Poly  x 
Poly x 
Poly  A 
Poly  A 
Tef  ze 1 
Tef  ze l  

Pol ya 1 kene 

Kapton 

Kapton 

~- ~ 

MARK ON MARK* 
-~ 

No 
Yes 
No 
Yes 

No 
Yes 
No 

Yes 

No 

Yes 

No 

NO 

No 

* Mark-on Mark w i r e s  were coded us in?  the  h o t  stamp process and 
t h e  r e s u l t a n t  marks were used as the  p o i n t s  o f  w i r e - t o - w i r e  
con tac t .  
caused by t h e  h o t  stamp process had any e f f e c t  on t h e  ab ras ion  
c h a r a c t e r i s t i c s .  

The purpose of  t h i s  was t o  determine i f  t h e  s e r a t i o n s  

6 ** Replaced Po ly  X a f t e r  approx imate ly  5 x 10  cyc les .  

The wear p a t t e r n  o f  these w i r e s  was observed on a day t o  day b a s i s .  
The f i r s t  w i r e  t o  f a i l  was BMS 13-42B. This  f a i l u r e  occurred a f t e r  
app rox ima te l y  5 m i l l i o n  c y c l e s .  P o s i t i o n s  5 and 6 were then loaded 
w i t h  FlIL-W-81381/12 Kapton w i r e  and t h e  t e s t  cont inued u n t i l  25 m i l l i o n  
c y c l e s  had been a p p l i e d  t o  s u r v i v i n g  w i r e s ,  
o f  each w i r e  a f t e r  25 m i l l i o n  c y c l e s  and/or t he  number o f  c y c l e s  t o  
f a i l u r e  f o r  each w i r e  type. 

Table 2 shows t h e  c o n d i t i o n  

There was no d i s c e r n i b l e  d i f f e rence  i n  t h e  f a i l u r e  r a t e  o r  wear r a t e  
of w i r e s  which were r u b b i n g  mark on mark and o f  unmarked w i res .  

F igu res  A1 through A48 show t h e  w i r e s  a f t e r  t he  t e s t  had been completed. 
Sect ions o f  t h e  w i r e  a r e  a l s o  shown so t h a t  t h e  amount o f  wear can be 
assessed f o r  samples which d i d  n o t  f a i l .  

--- 
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WIRE TYPE 
BMS 13-13 

Bt4S 13-31 

BMS 13-42B 

BPIS 13-42C 

BMS 13-48 

BMS 13-38 

MIL - W -81 381 / 
W 3 )  

TABLE 2 

TEST RESULTS - WIRE-ON-WIRE ABRASION 
( V i b r a t i o n  Lab., 0.6 1bs.Tension) 

CYCLES-TO-FAILURE 
Did n o t  f a i l  

20.8 x l o 6  

5 x l o 6  

D id  n o t  f a i l  

25 x l o 6  

22 x l o 6  

D i d  n o t  f a i l  

REMARKS ( 1 )  

S l i g h t  evidence of 
abras ion  f Nylon Q 25 x 10 g 
Average o f  f o u r  
sarnpl es 

Average o f  f o u r  
sarnpl es 

Abrasion through 
o u t e r  e x t r  s i o n  
a t  25 x 10 tc 
Badly abraded, two 
of f o u r  samples 
showed exposed 
conductor ( 2 )  

Average o f  two 
sarnpl es 

S l i g h t  wear of 
o u t e r  coat  C. 
20 x 106 

APPLICABLE 
FIGURES 

A1 through A8 

A9 through A16 

A1 7 -  through A24 

A25 through A32 

A33 

A33 through A40 

A41 through A44 

A45 through A4E 

( 1 )  One p a i r  o f  w i r e s  c o n s t i t u t e  two samples. 
( 2 )  One w i r e  o f  each p a i r  had exposed conductor.  
( 3 )  MIL-W- 1381/12 w i r e  was used t o  rep lace  BMS 13-426 a f t e r  5 x 10 f c y c l e s .  

The V i  b r a t i o n  Labora tory  f i x t u r e  was then reloaded w i t h  se l  ected w i r e  
types  f o r  t e s t s  a t  5 pounds t e n s i o n  and 10 pounds t e n s i o n .  
a r e  conta ined i n  Tables 3 and 4. 

The r e s u l t s  

.-- 
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c 
* 0 

APPLICABLE * AVERAGE WIRE TYPE CYCLES TO FAILURE REMARKS FIGURE 

TABLE 3 

( V i b r a t i o n  Lab., 5 l b s .  t e n s i o n )  
TEST RESULTS - WIRE-ON-WIRE ABRASION 

BMS 13-13 D i d  n o t  f a i l  Ab ras ion  o f  Ny lon  1 
None 

A l l  samples f a i l e d  ' A51 : 
i A l l  samples f a i l e d  i A52 

One l a y e r  o f  Kapton i .' A60 6 t 

! : & FEP worn. One I 
sample f a i l e d .  

6 
6 

BMS 13-42C ' 2.8 x I O  

BMS 13-48 f , 1.3 x 10 ! 
MIL-W-81381/ 1 22.2 x 10 1 

1 2  
I 

7 

BMS 13-31 

TABLE 4 

( V i b r a t i o n  Lab., 10 l b s .  t e n s i o n )  
TEST RESULTS - WIRE-ON-WIRE ABRASION 

I apparen t  b u t  n o t  
1 worn thgough (? I 

2.8 x 1 0  \ 1 of  2 samples i A49 
! ! b a d l y  w o r n 3 f a i l e d  

! I 

i A l l  samples b a d l y  A50 

i 22 x 1 0  
6 

6 



3.3 T e s t  Program (Cont inued)  

The E l e c t r i c a l  L a b o r a t o r y  f i x t u r e  was s i m i l a r l y  loaded w i t h  v a r i o u s  
w i r e  types and s i m i l a r  t e s t s  conducted except  t h a t  a t e n s i o n  o f  1 .5  
pounds was used i n  t h i s  t e s t .  
L a b o r a t o r y  Tes t  and t h e  E l e c t r i c a l  L a b o r a t o r y  T e s t  was t h a t  whereas 
t h e  v i b r a t i o n  l a b o r a t o r y  t e s t s  were conducted f o r  e i g h t  hours a day, 
t h e  e l e c t r i c a l  l a b o r a t o r y  was r u n  on a cont inuous 24 hour b a s i s .  

The r e s u l t s  o f  t h e  t e s t  conducted i n  t h e  E l e c t r i c a l  Labora to ry  a r e  
shown on Table 5. 

A second d i f f e r e n c e  between the  V i b r a t i o n  

I TABLE 5 
TEST RESULTS - WIRE ON WIRE ABRASION 

( E l e c t r i c a l  Lab., 1 .5 l b s .  Tension) 

U R E  TYPE AVERAGE: 

*6 BFlS 13-31 D id  n o t  f a i l  
CYCLES TO FAILURE REMARKS 

No F a i l u r e  0 30 x 10 

I 

F a i l e d  i A55 I 
. A56 j 
I 

F a i l e d  

F a i l e d  . A57 ! 
t 

I I 
F a i l e d  A 58 ! 6 j BNS 13-48 1 4 x 10 

I I 

j MIL-W-81381 i D id  n o t  f a i l  , Abras ion o f  L i q u i d  H A59 I 
8 o u t e r  c o a t  (3 65 x 1 8  ! 

1 I 

3.4 E v a l u a t i o n  o f  T e s t  R e s u l t s  

The da ta  f rom t h e  t e s t s  show t h e  f o l l o w i n g :  

1 .  The w i re -on -w i re  a b r a s i o n  t e s t s  produced wear p a t t e r n s  s i m i l a r  t o  
some o f  those which have been observed on w i r e s  taken from s e r v i c e  
a i r c r a f t .  See F iau res  10 and 11. 

2. The wear p a t t e r n  o f  w i r e s  t e s t e d  on t h e  V i b r a t i o n  Labora to ry  T e s t  
f i x t u r e  and t h e  wear p a t t e r n  of w i res  t e s t e d  on t h e  E l e c t r i c a l  
Labora to ry  t e s t  f i x t u r e  were p r a c t i c a l l y  i d e n t i c a l .  See Fia.12 e( 13 

3. A p l o t  o f  c y c l e s  t o  f a i l u r e  versus t e n s i o n  d e r i v e d  by a computer 
c u r v e  f i t t i n g  o f  t h e  da ta  ob ta ined  f rom t h e  V i b r a t i o n  Labora to ry  
t e s t  f i x t u r e  shows good c o r r e l a t i o n  w i t h  t h e  t e s t  da ta  p o i n t s .  

Over lay ing  t h e  d a t a  ob ta ined  f rom t h e  E l e c t r i c a l  Labora to ry  t e s t  
f i x t u r e  shows f a i r l y  good c o r r e l a t i o n .  See F i g u r e s  14 through 17.  
The r e s u l t s  a r e  c o n s i s t a n t  enough t o  w a r r e n t  con f idence  i n  t h e  

- ,  

-7 
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3.4 Evaluation of Test Results (Continued) 

Electrical Laboratory t e s t  f ix ture  and  t o  warrant further develop- 
ment to refine th i s  f ix ture ,  I t  i s  interesting t o  no te  t h a t  
in three o u t  of four of these plots,  the Electrical Laboratory 
Test Set-up d a t a  point indicates fewer cycles to  fa i lure .  Further, 
investigation i s  necessary t o  determine whether th i s  anomoly i s  
introduced by the s l igh t  dimensional differences between t h e  
two  set  ups. See Figures 3 and 7 t o  identify other factors w h i c h  
can account f o r  the difference. 

4.  

NOTE: Failure Rate versus Tension on Stationary \dire d a t a  f o r  
BMS 13-13 (PVC Nylon) a n d  MIL-W-81381/12 (Kap ton)  are not  
shown in graphical form. 
was recorded. 
does not provide sufficient d a t a  points from which to  
plot a curve. 

No fa i lure  of the BMS 13-13 wires 
T h e  single fa i lure  of MIL-W081381/12 wire 

The time taken to create fa i lure  a t  the lower tension makes i t  
impractical t o  consider tensions of  less  than  1 pound for evalua- 
tion testing o r  qualification testing. However, the spread i n  
d a t a  obtained a t  higher tensions also presents a problem which 
requires a larger number of t e s t s  t o  be conducted t o  o b t a i n  
creditable resu l t s ,  (see Table 6 in Paragraph 4 ) .  

-< 
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3.5 

3.6 

CONCLUSIONS 

1 .  Based on the amount of t e s t  d a t a  accumulated thus f a r ,  i t  appears 
t h a t  the  method and equipment used for  the t e s t  will produce 
controlled,  repeatable abrasion patterns which can be used to  
estimate the expected performance of the wire ins ta l led  on a i r -  
c r a f t .  

2 .  The r a t e  o f  ?.brasion of the insulation i s  a function of the tension 
on the fixed wire (or  wire contact force) .  

3 .  The Electrical  Laboratory t e s t  f ix ture  i s  expected t o  be capable 
of performing this  t e s t  in the future .  However, fur ther  examina- 
t ion i s  necessary t o  explain why the data obtained from this  
f i x t u r e  i s  s l i g h t l y  lower (lower cycles to  f a i l u r e )  t h a n  the Vib ra -  
t i o n  Laboratory f i x t u r e .  

4. The r a t e  of wear of each wire i n  a pair  was not the same. 
cases,  one wire of each pair was abraded more than the others .  

I n  a l l  

5. The amount of insulat ion worn away on some samples indicate t h a t  
a f a i l u r e  should have been recorded by the t e s t  equipment e a r l i e r  
than actual ly  occurred. 

Recommendations 

1 .  The Electr ical  Laboratory t e s t  f i x t u r e  should be refined. Design 
d e t a i l s ,  ca l ibra t ion  and c e r t i f i c a t i o n  d e t a i l s  should be completely 
established and f ina l  documentation of the f i x t u r e  completed. 

2. A wire-on-wire abrasion requirement and t e s t  should be included 
i n  fu ture  evaluation of candidate wires for  BCAC usage. 

3. Further study should be made t o  determine the reason f o r  uneven 
wear of the two wires i n  each paired sample. 

A review of the  f a i l u r e  detector and  indicator system should be 
undertaken t o  determine ( a )  i f  the indication should be based on 
f a i l u r e  of a ' s i n c l e  conductor, ( b )  what s e n s i t i v i t y  i s  required 
and  ( c )  w h a t  type of hardware will be required t o  implement ( a )  
o r  ( b ) ?  

4 .  

-Ir 
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4.0 

4.1 

4.2 

COrElPARISON OF ABRASION RATE OF THE VARIOUS TYPES OF W I R E  AND W I R E  
INSULATING MATERIALS 

Having e s t a b l i s h e d  t h a t  t h e  t e s t  method and t h e  t e s t  equipment d i s -  
cussed i n  paragraph 3 a r e  v i a b l e  approaches t o  measure t h e  r e s i s t a n c e  
o f  w i r e  t o  abras ion,  t h e  da ta  gathered as p a r t  o f  t h e  v e r i f i c a t i o n  
can a l s o  be used t o  compare t h e  w i re -on -w i re  ab ras ion  r e s i s t a n c e  of 
v a r i o u s  types o f  w i r e  c u r r e n t l y  be ing  i n s t a l l e d  i n  commercial a i r c r a f t .  

M a t e r i a l s  and Wires Being Compared 

F i g u r e  18 t a b u l a t e s  t h e  w i r e s  which were t e s t e d  and i l l u s t r a t e s  the 
i n d i v i d u a l  c o n s t r u c t i o n  d e t a i l s  assoc ia ted  w i t h  each type.  

Tes t  Resu 1 t s  

The r e s u l t s  o f  t h e  t e s t s  have a l r e a d y  been presented i n  Tables 2,  3, 
4 and 5. As expla ined i n  paragraph 3.4.3, t h e  r e s u l t s  where f a i l u r e  
occurred were used as  da ta  p o i n t s  t o  o b t a i n  t h e  computer d e r i v e d  
curves o f  c y c l e s  t o  f a i l u r e  versus t e n s i o n  a p p l i e d  t o  t h e  w i r e  shown 
i n  F igu res  14, 15, 16 and 17 and shown as a composi te in  F igu re  19. 

No f a i l u r e s  occu r red  f o r  PVC Nylon (BMS 13-13) and o n l y  one occurred 
f o r  t h e  Kapton (FtIL-\4-81381/12) d u r i n g  t h e  c y c l e s  and t e n s i o n  loads 
t o  which they  were subjected.  
F i g u r e  19. 

Therefore,  t hey  a r e  n o t  i nc luded  on 

I t  was observed d u r i n g  t h e  t e s t i n g  o f  BMS 13-42C w i r e s  a t  t h e  h ighe r  
t e n s i l e  forces t h a t  t h e  spread i n  c y c l  e s - t o - f a i l u r e  f o r  d i f f e r e n t  
samples of  t h e  same w i r e  f rom t h e  same spool was g r e a t e r  than expected. 
T h i s  spread i s  as shown i n  Tab le  6 and Table 7. Table 6 data was 
ob ta ined  from t h e  V i b r a t i o n  Labora to ry  Tes t  Set-up and Table 7 da ta  
was ob ta ined  f rom t h e  E l e c t r i c a l  Labora to ry  Tes t  Set-up. The Te f lon  
based w i r e s  (BHS 13-31 and BNS 13-48), d i d  n o t  e x h i b i t  t h i s  tendency, 
t h e  spread i n  t e s t  d a t a  be ing  v e r y  c l o s e .  T h i s  wide spread i n  da ta  
i s  o f  i n t e r e s t  and t h e  samples of  t h e  BMS 13-42 w i r e  have been saved 
f o r  f u r t h e r  a n a l y s i s  t o  determine i f  t h e r e  i s  any d i f f e r e n c e  i n  t h e  
chemical o r  p h y s i c a l  compos i t i on  of  t h e  i n s u l a t i o n  which cou ld  e x p l a i n  
t h e  wide v a r i a t i o n  i n  read ings .  

NOTE: The performance o f  BFlS 13-42C ( S t i l a n )  i s  be ing g i ven  more 
s c r u t i n y  n t h i s  t e s t  than o t h e r w i s e  would be g i v e n  because 
i t  i s  t h e  genera l  purpose w i r e  t o  which Boeing i s  p r e s e n t l y  
most heav l y  comn i t ted .  

y+ D6-42974 
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4 .3  Analysis and Comment on Test Results 

I 

I I 
The tes t ing  of Kapton insulated wire i l l u s t r a t e s  another problem which 
faces the a i r l i n e  maintenance mechanic - a f t e r  very few cycles (200,OoC) 
the outer l iquid H coating wears off exposing the Kapton and  gives the 
impression tha t  bare copper wire i s  being exposed (see Figures A45 
t h r o u g h  A48 and A59). 

The tes t ing  of EMS 13-38B wire was n o t  pursued t o  any great  length 
because of the f ac t  t h a t  i t  most l ikely would not be considered f o r  
new des i gn . 

4.4 Conclusions 

1 .  The t e s t  method i s  a viable  approach t o  tes t ing wires in order 
t o  r a t e  t he i r  res is tance to  wire-on-wire abrasion. 

Based on t h i s  t e s t ,  Kapton (MIL-W-81381/12 and PVC Nylon a r e  superiol 
t o  the other wires i n  terms of resistance t o  abrasion induced 
by wire-on-wire rubbing. BPlS 13-42B i s  l e a s t  r e s i s t i v e  to th i s  
type o f  abrasion. 

The t e s t  method categorizes the wires i n  a n  order of  resistance 
to  wire-on-wire abrasion more or l e s s  as  previous experience 
would d i c t a t e .  

Futher tes t ing  must be undertaken t o  es tabl ish and explain the 
reasons for the wide spread i n  the BMS 13-42C t e s t  data.  
t ion due t o  the wire i t s e l f  and the variation due to  the t e s t  
method, i f  any,  must be established. 

The s e n s i t i v i t y  and repea tab i l i ty  of the f a i l u r e  detector must be 
r e l i a b l e  and  dependable i f  t h i s  t e s t  method i s  to be used as a p r t  
of a n y  qua l i f ica t ion  or select ion c r i t e r i a .  

2. 

3 .  

4 .  
The varia- 

5 .  



4 . 5  Recomnendat ions 

1. Imnediate a t ten t ion  should be focused on the problem o f  spread 
in the BMS 13-42C d a t a .  

2. Imnediate a t ten t ion  should be focused on the accuracy and sensi-  
t i v i t y  o f  the f a i l u r e  detection system, 

3 .  This method should be considered in the fu ture  as one of the t o o l s  
to r a t e  the resis tance o f  a wire insulation t o  wire-on-wire 
a bras ion . 

Ir 
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5.1 The Scrape Abrasion T e s t  (Cont inued) 

SCRAPE ABRASION TESTING 
SCRAPES ABRASION ABRASION 

WIRE TYPE TO RESISTANCE RESISTANCE 

WIRE-ON-WIRE ABRASION TESTING 
ABRASION ABRASION 
RESISTANCE RESISTANCE 

I 

Than* Than 

6 '  
BMS 13-13 i 142 I 5.75 1 ; 2 22.2 x IO6( 13.1 

BMS 13-31 j 565 22.9 1 * 5.8 x 10 3.4 
BMS 13-426 39.2 1.6 4 1.7 x 10 6 1  

3.65 ^ .  BMS 13-42C 70.7 2.86 3 6.2 x 10 

FAILURE 

1 

4 

RAT I NG FACTOR RAT I NG 

6 

3 

MIL-W-81381/12 ' 48.2 1.95 5 Greater 1 Greater  1 

BMS 13-48 24.7 1 6 3.5 x l o b ;  2.1 5 
t 

: Than* Than 
22.2 x l o 6  13.1 . 

* No data f rom curves.  Use Tab le  3 data - 5 l b s .  tens ion .  

Table 8 has been cons t ruc ted  us ing  the f o l l o w i n g :  
Fac tor  i s  t h e  r a t i o  o f  t h e  a c t u a l  number o f  s c r a p e s - t o - f a i l u r e  f o r  
t h a t  p a r t i c u l a r  w i r e  t o  t h e  number of s c r a p e s - t o - f a i l u r e  f o r  t h e  w i r e  
r e q u i r i n g  t h e  l e a s t  number o f  s c r a p e s - t o - f a i l u r e .  For t h e  w i r e - t o -  
w i r e  t e s t ,  the  f a c t o r  i s  d e r i v e d  by us ing  a va lue  a t  2 l b s .  tens ion  
d e r i v e d  from cycles..to f a i l u r e  f rom Figures 14, 15, 16 and 17 .  

S ince t h e r e  were no f a i l u r e s  of BMS 13-13 and o n l y  one o f  MIL-W-81381, 
curves o f  cyc les  t o  f a i l u r e  v s  
t h e  number o f  t e s t  c y c l e s  t o  which these w i r e s  were t e s t e d  w i t h o u t  
f a i l u r e  a t  5 l b s .  t e n s i o n  have been used i n  Table 8 as a conserva- 
t i v e  approach f o r  purposes o f  comparison. 

Abrasion Resistance 

tens ion  cou ld  n o t  be der ived .  Hence, 

As can be seen f rom t h e  Table 8, t h e  major d i f f e r e n c e  between these 
two t e s t s  i s  t h e  behav iov  o f  MIL-W-81381/12 Kapton. 

F u r t h e r  research  i s  necessary t o  e x p l a i n  why t h e  Kapton shows so w e l l  
i n  t h e  wi re-on-wi re t e s t  and so .poor ly i n  t h e  scrape abras ion  t e s t .  

The o t h e r  w i r e s  show up t o  be i n  general agreement, w i t h  BMS 13-42B 
and BMS 13-48 showing i n  bo th  t e s t s  t o  rank lower  i n  abras ion  r e s i s t -  
ance than BMS 13-13, BMS 13-31, and BMS 13-42C. The h i g h  va lue  f o r  
BMS 13-31 i s  sometimes a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  blade becomes 
t e f l o n  coated thus becoming i n s u l a t e d  and c i rcumvent ing  t h e  f a i l u r e  
d e t e c t i n g  mechan i sm. 

.r 
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5.2 The Tape Abrasion T e s t  

BMS 13-13 I 84.5 1 3.86 

BMS 13-31 100 1 4.57 

Th is  system abrades t h e  w i r e  i n s u l a t i o n  by drawing an  ab ras i ve  tape 
i n  one d i r e c t i o n  a l o n g  t h e  l o n g i t u d i n a l  a x i s  o f  t h e  w i r e .  The w i r e  
is clamped in p o s i t i o n  and we igh t  i s  a p p l i e d  t o  the  w i r e  f o r  pressure 
c o n t a c t  w i t h  t h e  a b r a s i v e  tape. 
i n  MIL-T-5438. Fo r  p i c t o r a l  d e s c r i p t i o n  o f  t h e  t e s t  set-up, see 
F i g u r e  21. 

The equipment and i t s  use i s  descr ibed 

I \ j Than ' Than 
2 22.2 x l o6*  13.1 1 I 

1 5.8 x l o 6  I 3.4 ' 4  
i 

Th is  method i s  used i n d u s t r y  wide, b u t  p a r a d o x i c a l l y ,  t h e  r e s u l t s  a r e  
always t r e a t e d  w i t h  some r e s e r v e  because o f  t h e  number of  v a r i a b l e s  
which can a f f e c t  t h e  r e s u l t ,  e.g., temperature,  humid i t y ,  t h e  w i r e  
c o n s t r u c t i o n ,  e t c . ,  e t c .  

Table 9 was c o n s t r u c t e d  i n  a manner s i m i l a r  t o  Table 8. Table 9 
compares t h e  r e s u l t s  ob ta ined  by t h e  tape ab ras ion  method w i t h  r e s u l t s  
ob ta ined  by w i re -on -w i re  ab ras ion  and compares t h e  r a t i n g  o f  w i r e  
based on b o t h  methods. As i n  t h e  scrape ab ras ion  t e s t  comparison, t h e  
va lues f o r  BMS 13-13 and MIL-W-81381 a r e  est imates.  

TABLE 9 
COMPARISON OF W I R E  ABRASION RESISTANCE RATING: 

TAPE VERSUS WIRE-ON-WIRE 

W I R E  TYPE ! TO I RESISTANCd RESISTANCG TO I RESISTANCEIRESISTANCE I 
FAILURE! FACTOR I RATING i FAILURE I FACTOR IRATING 

I 1 ! Greater  f Grea te r  1 I 
1 

i 
BMS 13-48 34.4  1.57 ; 5 3.5 x l o 6 .  2.1 5 j 

MIL-W-81381/12 21.9 1.0 ! 6  ' Greater  ; Grea te r  1 1 I 
! Than 6*' Than i 

22.2 x 10 13.1 
~ ~~ 

* No data f rom curves. Use Tab le  3, 5 l b s .  Tension. 

A s  can be seen from Table 9, t h e  major d i f f e r e n c e  between t h e  two 
t e s t s  i s  i n  t h e  performance of  t h e  Kapton. Again, f u r t h e r  research  i s  
necessary t o  e x p l a i n  t h e  d i f f e rence .  
f a c t  t h a t  BMS 13-31 f a l l s  from 1 s t  r a t i n g  i n  t h e  tape  t e s t  t o  #4 i n  
t h e  w i r e - o n - w i r e  t e s t ,  t h e  r e s u l t s  from b o t h  t e s t s  a r e  f a i r l y  
compa r a  b l  e. 

Apar t  f rom t h e  above and t h e  

.r 
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5 .5  Recomrnenda t i ons 

I t  i s  recommended t h a t  the study o f  wire-on-wire abrasion testing 
be continued t o  develop a more t h o r o u g h  knowledoe of  this  tes t  
method. 
can be established for a practical application of wire-on-wire abrasion 
testing. 

A broad d a t a  base should be developed from which requirements 

T h e  relationships between the scrape and tape abrasion tes ts  a n d  t h e  
wire-on-wire abrasion tes t s  hould be explored i n  greater depth t o  
establ ish the optimum application of each. 

d 
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6.0 PR OGRAFl C ONCL U S I ONS 

A conclusion drawn from t h i s  program i s  t h a t  the wire-on-wire 
abrasion t e s t  provides a potential new tool t o  be used f o r  the 
evaluation o f  airplane wire. The wire-on-wire abrasion t e s t  reveals 
wear charac te r i s t ics  t h a t  a r e  not obtained by exis t ing t e s t  methods. 

I t  i s  concluded tha t  the  wire-on-wire abrasion t e s t  i s  especially 
suited to  predict  the wear charac te r i s t ics  o f  t h i n  wall insulat ions.  
While equally adaptable t o  a l l  wall thicknesses tes ted ,  the most dramatic 
differences were noted in the materials used i n  t h i n  wa1.1 wire insula- 
t ions.  

Another conclusion i s  t h a t  the vibration laboratory t e s t  i s  b o t h  cost ly  
a n d  time consuming. 
uously, t h u s ,  reducing the t e s t  time. Additionally, the e l e c t r i c a l  
laboratory t e s t  equipment i s  more economical t h a n  the vibration 
laboratory t e s t  equipment. 

The e lec t r ica l  laboratory t e s t  can be r u n  contin- 

Finally,  i t  i s  concluded t h a t  the wire-on-wire a b r a s i o n  t e s t  i s  s u i t -  
able  for  
receiving tes t ing  a t  th i s  time. 

a qua l i f ica t ion  t e s t  b u t  should not be considered for  

4 
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7.0 RECOMMENDATIONS 

I t  i s  recommended t h a t  the  wire-on-wire abrasion study be continued 
in order to  develop a thorough understanding o f  t h i s  type of  f a i l u r e  
mode. From the d a t a  provided, a specif icat ion requirement w i l l  be 
derived for  inclusion in BF1S wire specif icat ions.  

A l t h o u g h  the benefits o f  a thorough study a r e  not ye t  avai lable ,  i t  
i ss t rongly recornended t h a t  a l l  new wire constructions a n d  a l l  new 
wire insulating materials considered f o r  use o n  6oeing airplanes,  
be subjected t o  a wire-on-wire abrasion t e s t .  The r e s u l t s  o f  the 
wire-on-wire abrasion t e s t  should be included a s  one o f  the factors  
used t o  determine the acceptabi l i ty  of any new wire considered f o r  use. 

r _- 
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mnELNE 
S T A N D A R D  W I R I N G  P R A C T I C E S  M A N U A L  

MATERIALS 

Par t  Number 

Nominal I n n e r  
Diameter 

Suppl ier  . D e s c r i p t i o n  

1-1 0.035 1 k 0.008 

None Ava i l ab le  
18D2-A 

0. T ie  M a t e r i a l s  
NOTE: For each manufacturer, i d e n t i f y  t he  c o l o r .  

TABLE XX 
T I E  MATERIALS 

- Use Grade B 

Gudebrod BMS 13-54 Type I; F i n i s h  C, 
Dacron w i t h  s e l f - e x t i n g u i s h i n g  

Grade - 
A 

Western 
B f i n i sh ;  f l a t  braid; 0.014 inch  

k0.003 inch  thick,  0.085 i n c h  
k0.009 i nch  wide 

C 

2182 

80DKFl7-4RFR 

D 

Gudebrod BMS 13-54, Type IB; F i n i s h  C, 
Dacron w i t h  s e l f - e x t i n g u i s h i n g  
f i n i sh ;  f l a t  braid; 0.014 i n c h  
k0.003 inch  thick,  0.085 i n c h  
k0.009 i n c h  wide 
BMS 13-54, Type 11; F i n i s h  

Western 

Class 
- 

1045M 

70HOF25R 

1074M 

1 

0.125 inch  k0.013 inch  wide 

Nomex; f l a t  braid; 0.014 

kO.011 inch  wide 

Nomex; f l a t  braid; 0.012 i n c h  

Gude br od BMS 13-54, Type 111; F i n i s h  C, 

Western ~ i l a m e n t  kO.003 inch  thick, 0.110 i n c h  

Gudebrod BMS 13-54, Type 111; F i n i s h  C, 

40HOF 17R Western ~ i l a m e n t  kO.003 inch  thick, 0.075 i n c h  
k0.008 i nch  wide 

50DOF17FR 

190LOF21R 
D/C, Fiberglass; f l a t  braid; 
0.016 inch  k0.003 inch  th ick,  Western Fi lament 
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STANDARD W I R I N G  P R A C T I C E S  MANUAL 

BACCIODK(1 
BACCIOGEO 
BACCIOGUO 

WIRE HARNESS SUPPORTS 

Boe i ng 

Boe i ng 

Boe i nq 

Make sure  t h a t  t he  Loop clamp i s  t h e  smal les t  p o s s i b l e  s i z e  t h a t :  
- Holds t h e  w i r e  harness t i g h t  
- Does n o t  a l l o w  any movement t h a t  i s  abras ive t o  t h e  w i res  i n  t h e  w i r e  

- Does n o t  crush or p i n c h  t h e  wi res.  
harness 

CAUTION: TO PREVENT DAMAGE TO ANY OF THE WIRES OR THE CABLES, OR BOTH, D O  NOT 
INSTALL A LOOP CLAMP SO THAT THE WIRES OR CABLES GO ACROSS EACH 
OTHER I N  THE CLAMP. THIS CONDITION DOES NOT APPLY TO MULTIPLE 
CONDUCTOR, TWISTED CABLES. 

B. Loop Clamp P a r t  Numbers 

TABLE I 
LOOP CLAMP PART NUMBERS 

BACC 1 ODK3 
BACC 1 ODK4 

PAGE 2 
AUG 01/1996 

Orange 0.187 
P ink  0.250 

Boeing Standard Supp L ier 
287T001 I-( 1 Boeina 

BACC 1 ODK5 
BACClODK6 
BACC 1 ODK7 

Natura I 0.312 
Gray 0.375 
B lue  0.437 

BACC 1 ODK8A 
BACC 1 ODK9A 
BACCI ODKI 0 

TABLE I1 
BACCIODK LOOP CLAMPS 

YeL Lou 0.500 
Broun 0.562 
Oranae 0.625 

Inne r  Diameter 

BACCIODKII 

BACC 1 ODKl2 
BACCIODK13 

P ink  0.687 
N a t u r a l  0.750 
Gray 0.812 

(BACClODK14 ]B lue I 0.875 1 

20-10-12 MANUAL NO: D6-54446 



S T A N D A R D  W I R I N G  P R A C T I C E S  M A N U A L  

WIRE HARNESS SUPPORTS 

When t h e  s e l e c t i o n  o f  t h e  s m a l l e s t  p o s s i b l e  s i z e  o f  Loop clamp does n o t  meet 
t h e  necessary  c o n d i t i o n s  g i v e n  i n  Paragraph l.A., i t  i s  necessary t o  i nc rease  
t h e  d iameter  o f  t h e  w i r e  harness so t h a t  t h e  clamp h o l d s  t h e  w i r e s  o r  cab les  
c o r r e c t l y .  
To i nc rease  t h e  d iameter  o f  t h e  w i r e  harness, any o f  these m a t e r i a l s  can be 
i n s t a l l e d :  

- BACPZOBA f i l l e r  p l u g s  o r  f i l l e r  rods; r e f e r  t o  F i g u r e  3 and F i g u r e  4 
- An a p p l i c a b l e  l e n g t h  o f  RT-876 heat  s h r i n k a b l e  s leeve  o r  an e q u i v a l e n t  

- The s u f f i c i e n t  number o f  l a y e r s  o f  Scotch 70 tape  o r  an e q u i v a l e n t  

- The s u f f i c i e n t  q u a n t i t y  of E125-2 f i l m  o r  e q u i v a l e n t  f i l m  s t r i p ;  r e f e r  

s l e e v e  (do  n o t  s h r i n k  t h e  s leeve)  

i n s u l a t i o n  tape; r e f e r  t o  F i g u r e  5 

t o  F i g u r e  5. 
CAUTION: DO NOT USE THE 287T0011-0 CLAMPS I N  THE FUEL CELLS. I F  THE PLASTIC 

TIES, THE LACING TAPE, OR ANY FILLER RODS COME FREE, THE FUEL 
FILTERS CAN BECOME CLOGGED. 

The clamp i s  c losed:  
- 

- Correc t ly ,  i f  t h e  d i s t a n c e  between t h e  ea rs  o f  t h e  clamp i s  1 / 8  i n c h  

Wi th  t h e  ends a p l a s t i c  t i e  s t r a p  or a Length o f  l a c i n g  tape t h a t  a re  
a t t a c h e d  th rough  t h e  h o l e s  o f  t h e  clamp ba r  

m i n i  mum. 
If i t  i s  necessary t o  use a f i l l e r  rod, make sure  t h a t :  

- The r o d  i s  on t h e  same s i d e  o f  t h e  clamp as t h e  ea rs  o f  t h e  clamp 
- The ends o f  t h e  r o d  a r e  1 / 2  i n c h  t o  t o  314 i n c h  beyond b o t h  s i d e s  of 

CAUTION: DO NOT USE FILLER RODS TO INCREASE THE DIAMETER O F  WIRE HARNESSES 
t h e  clamp. 

THAT HAVE COAX CABLES. 
E. BACCIOGE Loop Clamps 

For t h e  BACCIOGEO p a r t  numbers, r e f e r  t o  Tab le  I V .  

The BACCIOGE loop  clamp i s  a g e n e r a l  purpose clamp t h a t  i s  used i n  t h e  
p r e s s u r i z e d  areas o f  t h e  a i r p l a n e  where these c o n d i t i o n s  occur :  

- The w i r e  harness i s  1.25 inches  o r  g r e a t e r  i n  d iameter  
- The tempera ture  o f  t h e  a rea  i s  275 degrees F o r  g r e a t e r .  

- A power feeder  w i r e  harness where a BACCIOKL clamp cannot be used 
- A w i r e  harness t h a t  goes ac ross  a h inge  p o i n t  
- A coax cab le  i n  a h i g h  v i b r a t i o n  area  
- A w i r e  harness t h a t  i s  r o u t e d  on an e l e c t r o n i c  s h e l f  
- A w i r e  harness t h a t  i s  i n s i d e  t h e  p a n e l  o f  e l e c t r i c a l  equipment. 

The BACCIOGE loop  clamp i s  a l s o  used t o  suppor t :  

- NOTE: The BACCIOGE clamp i s  an accep tab le  a l t e r n a t i v e  t o  t h e  BACClODK clamp, 

When t h e  s e l e c t i o n  o f  t h e  s m a l l e s t  p o s s i b l e  s i z e  o f  l oop  clamp does n o t  meet 
t h e  necessary  c o n d i t i o n s  g i v e n  i n  Paragraph I.A., i t  i s  necessary t o  i nc rease  
t h e  d iameter  o f  t h e  w i r e  harness so t h a t  t h e  clamp h o l d s  t h e  w i r e s  o r  cab les  
c o r r e c t l y .  

except  i n  t h e  f u e l  c e l l s .  

PAGE 8 20-10-1 2 
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STANDARD W I R I N G  P R A C T I C E S  MANUAL 

REPAIR OF ELECTRICAL WIRE AND COAX CABLE 

Polyvinylidene Fluoride 
Crosslinked Extruded 

Insulation Jacket 

Crosslinked Extruded 

Protective Saturated Glass Braid 
J n 

Saturated Polyethylene 
Terephthalate Outer Jacket Polyalkene Primary Insulation 

CONFIGURATION O F  EMS 13-40 WIRE 
F i g u r e  4 

E. EMS 13-428 Wire 
EMS 13-428 has a POLY-X i n s u l a t i o n .  Refer  t o  F igu re  5. 
Repa i r  i s :  

- 
- Not  necessary  i f  t h e  damage does n o t  go th rough  t h e  c o l o r ' c o a t  o r  t h e  

- Necessary i f  t h e  damage goes th rough  t h e  c o l o r  coa t  and t h e  ML coat, 

Necessary i f  t h e  o u t e r  j a c k e t  is damaged 

ML coat  o r  b o t h  

and i n t o  t h e  l a y e r  o f  a lkane- imide.  

Color Coat -, ,- ML Coat 
Jkane- I mide 

Alkane-Imide 

CONFIGURATION OF BMS 13-426 WIRE 
F i g u r e  5 

F. BMS 13-42C and BMS 13-42D Wire 
BHS 13-42C and BMS 13-42C w i r e  have a p o l y a r y l e n e  i n s u l a t i o n .  Re fe r  t o  
F i g u r e  6. 
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STANDARD W I R I N G  P R A C T I C E S  MANUAL 

REPAIR OF ELECTRICAL W I R E  AND COAX CABLE 

Make s u r e  t h a t  t h e  s o l d e r  s leeves  a r e  n o t  overheated  o r  damaged. A 
s leeve  t h a t  i s  overheated o r  damaged shows any o f  these c o n d i t i o n s :  

- The i n s u l a t i o n  o f  t h e  s leeve  n o t  c l e a r  
- The s leeve  i s  punc tu red  
- The i n s u l a t i o n  o f  t h e  s leeve  i s  v e r y  dark .  

(IO) I f  t h e  s o l d e r  s leeve  i s  n o t  i n s t a l l e d  c o r r e c t l y :  
( a )  Remove t h e  s o l d e r  s leeve .  Refer  t o  Paragraph 3 . 8 .  
(b) Do t h e  i n s t a l l a t i o n  procedure  a g a i n  f rom Step (2 ) .  

4. PeDair  o f  a Wire o r  a Cab l e  w i t h  a SD l i c e  

A. C o n d i t i o n s  f o r  Repa i r  w i t h  a S p l i c e  
- NOTE: The rep lacement  o f  a w i r e  i s  recommended over  t h e  r e p a i r  o f  t h a t  w i r e  

- NOTE: The maximum number o f  s p l i c e s  t h a t  a w i r e  can have i s  3. T h i s  maximum 

A eng ine  w i r e  harness w i r e  t h a t  i s  r e p a i r e d  w i t h  a s p l i c e :  

w i t h  a s p l i c e .  

does n o t  i n c l u d e  t h e  s p l i c e s  t h a t  a r e  i d e n t i f i e d  by t h e  w i r i n g  d iagram. 

- I s  an acceptable, temporary r e p a i r  
- Must be r e p l a c e d  when t h e  n e x t  maintenance o f  t h e  power p l a n t  i s  done. 

A l l  s p l i c e s  must be mo is tu re  r e s i s t a n t  s p l i c e s .  
A s p l i c e  must n o t  be assembled o r  i n s t a l l e d :  

- Under a clamp o r  o t h e r  suppor t  
- I n s i d e  a connector  b a c k s h e l l  o r  adapter  
- I n s i d e  a c o n d u i t  
- On t h e  w i r e  harness where t h e  w i r e  harness i s  f r e q u e n t l y  bent, such as 

- On a w i r e  i n  t h e  f u e l  tank .  
an i ns t rumen t  pane l  or  a h inged  door 

When t h e  r e p a i r  o f  more than  one u i r e  i n  a w i r e  harness i s  necessary, t h e  
s p l i c e s  must be  i n s t a l l e d :  

- Apar t  f rom each o t h e r  so t h a t  t h e  d iameter  o f  t h e  u i r e  harness  i s  

- 

- So t h a t  t h e  m i n i m u m  d i s t a n c e  f rom t h e  end o f  a s p l i c e  on one u i r e  t o  

i nc reased  symmetr ica l ly ,  slowly, and c o n t i n u o u s l y  
So t h a t  t h e  oppos i te  ends o f  two s p l i c e s  on ad jacen t  w i r e s  do n o t  make 
an  o v e r l a p  

t h e  o p p o s i t e  end o f  t h e  s p l i c e  on t h e  o t h e r  w i r e  i s  0.25 i n c h .  
Refer  t o  F i g u r e  15. 

1 

4 

RECOMMENDED SEPARATION OF SPLICES 
F i g u r e  15 
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S T A N D A R D  W I R I N G  P R A C T I C E S  MANUAL 

Varglas, Va r f  l e x  
WW500, Warren, MIL-W-71398 

ZTZ-0550-SHN-I5B, Z i p p e r t u b i n g  

ZTZ-O625-SHN-l5B, Z i p p e r t u b i n g  

ZTZ-0875-SHN-15B, Z i p p e r t u b i n g  

ZTZ-IOOO-SHN-l5B, Z i p p e r t u b i n g  

ZTZ-1125-SHN-I5B, Z i p p e r t u b i n g  

Company 

Company 

Company 

Company 

Company 

WIRE TYPE CODES 

Sleeve, Tan S6 - - - -  5 - -  - 
Shielded, High 49 0 1 2 3 - - - -  EE 

S h i e l d  z3 - - - 4 - - -  - 

S h i e l d  28 - - - 4 - - -  - 

S h i e l d  z2  - - - 4 - - -  - 

S h i e l d  z5 - - - 4 - - -  - 

S h i e l d  27 - - - 4 - - -  - 

Temperature 

10-60233-10 

10-60233-3 

C.  Cross Reference o f  t h e  S p e c i f i e d  Wire t o  t h e  A L t e r n a t i v e  Wire 
- NOTE: Boeing Customer Serv i ce  Eng ineer ing  can s u p p l y  more d a t a  i f  t h e r e  a r e  

any q u e s t i o n s  about t h e  a l t e r n a t i v e  w i res .  

TABLE I11 
ALTERNATIVE W I R E S  

10-60233-4 - 
10-60233-9 - 
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STANDARD W I R I N G  P R A C T I C E S  MANUAL 

WIRE TYPE CODES 

10-60233-7 
10-60233-9 
10-60816-1 

S p e c i f i e d  Wire A L t e r n a t i v e  Wire Specia l  Condi t ions 
10-60233-4 10-60233-10 - 

- 10-60233-1 
10-60233-3 
BMS 13-55 TYDe I V  - 

- 

10-60816-52 
10-60816-53 

10-60816-11 
10-60816-13 

- 
- 

10-60816-15 

10-60816-2 
10-60816-4 

110-60816-17 

- 
- 

10-60816-19 
10-60816-2 

10-6081 6-7 
10-60816-38 
10-60816-8 

I 10-6081 6-43 

BMS 13-60 Type 10 
I 10-6081 6-45 
10-60816-46 

- 
- 
- 

BMS 13-55 Type V - 
10-60816-47 - 
10-6081 6-36 - 

10-6081 6-1 1 
10-60816-15 

- 10-6081 6-49 
10-60816-50 - 
BMS 13-55 TYDe I1 - 

- 
- 

10-60816-26 
10-60816-27 

10-60816-46 I 10-6081 6-1 6 - 

1 - 110-60816-31 lBMs 13-60 TYDe 10 I 

10-60816-1 9 
10-60816-21 

10-60816-36 
10-60816-38 

- 
- 

10-60816-50 
10-60816-52 
10-60816-53 

10-60816-39 
10-60816-4 
10-60816-40 

- 10-60816-22 
10-60816-26 
10-60816-27 - 

- 

10-60816-56 
10-60816-62 
10-60816-7 

10-60816-43 
10-60816-45 

BMS 13-60 Type 10 - 
DM-F-ZMF, Matsushi ta  - 
10-60816-39 - 

10-60816-8 
10-61 299-1 

10-60816-40 - 
10-61299-4 - 

10-60816-47 
10-60816-49 
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S T A N D A R D  W I R I N G  P R A C T I C E S  MANUAL 

Al te rna t i ve  Wire 
10-61299-5 
10-61299-1 
10-61299-2 

W I R E  TYPE CODES 

S p e c i a l  Conditions 
- 
- 
- 

SDecified Wire 

10-61299-6 
10-61299-5 

10-61 299-2 
10-61299-4 

- 
- 

10-61299-5 
10-61299-5 

10-61299-6 
10-61 299-6 

20531/9E039LL-4(TL), - 
Tensol i t e  

12621, Teledyne 

170291, Thermax 
14750, Thermatics 

~ ~~ 

BWC-890014-2-18, Barcet - 

BMS 13-58 Type V - 
1W014, Northrop Spec E3/E6 Models Only 

1W014, Northrop Spec 114750, Thermatics 
~~ 

E3/E6 Models Only 
1W014, Northrop Spec 

204-1 5578-1 
W-1195-98, W i t m o r e  E3/E6 Models Only 

707-1195. Therrnax - 

204-17468-1, Twinax 
20531/9E039LL-4(TL>, 
Tensol i t e  

24-00033, ChamDtain 

51-04570, Champlain - 
10-61 299-6 - 

BMS 13-55 TYDe I1 Class 1 AWG 18 
24-00033, Champta in IBMS 13-55 Type V - 

24-00034, Champlain BMS 13-55 Type I1 Class 1 AWG 16 
24-00034, Champlain BMS 13-55 Type V - 
24-00115, Champlain BMS 13-55 Type V - 
252-94102, Al-Ch, G a l i t e  852-4991980, Al-Ch, Specia l ty  - 
254-100338, Cu-Cn, Revere 852-4236774, Cu-Cn, P i r e t l i  - 
262-62737, Al-Ch, Revere 852-4991972, Al-Ch, Specia l ty  - 
30-04373. Cu-Cn. ChamDtain 853-4221073. Cu-Cn. P i r e l l i  - 

- 
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30-04373, Cu-Cn, Champlain 
30-04680, Champ 1 a i  n 
30-04749, Champlain 
30-05899, Champtain 
4/0591/31886PT-l, Tensol i te  
4/0591/31886PT-l, Tensol i te  
4/0591/31886PT-I, Tensol i t e  
411-63221, Cu-Cn, Revere 
41 2-67587, Cu-Cn, Revere 

20-00- 1 3 

853-4310074, Cu-Cn, P i r e t t i  - 
975-295, Thermax - 
975-295, Thermax - 
1/0766/90032E-6, Tensol i te  - 
EMS 13-28 Type I Ctass 1 E3/E6 Models Only, AWG 410 
M22759/11-(!-9 E3/E6 Models Only, AWG 410 
M22759/8-( )-.Y E3/E6 Models Only, AWG 410 
853-4125928, Cu-Cn, P i r e l l i  - 
853-4221073, Cu-Cn, P i r e t l i  - 

MANUAL NO: D6-54446 

421-166, Amphenol 
421-176, Amphenol 

7524D501 I-( I, Raychem - 
MIL-C-17/60, RG-142 - 



AYnEINE 

S T A N D A R D  W I R I N G  P R A C T I C E S  MANUAL 

W I R E  TYPE CODES 

I 
Spec i f ied  Wi re  A l t e r n a t i v e  Wi re  Special  Condi t ions 

I 

44A7620-0, Al-Ch, Raychem CTC-0039-0-9/5-9, Al-Ch, - 

5012F13390, Raychem MIL-C-17/163, RG-213 - 
Raychem 

5012F13390, Raychem 
5012F13390, Raychem 
5012H3012, Ravchem 

MIL-C-I7/163, RG-213 - 
MIL-C-17/163, RG-8 - 
BA20048. SurDrenant - 

5020G3442, Raychem 
502063442, Raychem 
502063442. Ravchem 

I - ~5021K1011, Raychem IBA20049, Surprenant I 

AA-1500, Times Wire Company - 
BA-14349, I T T  Surprenant - 
BA14349, SurDrenant - 

5020G3442, Rayc hem 
5021 E l  331 ( 1 Ravchem 

MI-5406, Times Wi re  Company - 
BA5903A. SurDrenant - 

5026A1314-9, Raychem 
5026D1018. Ravchem 

5026D1018, Raychem - 
5026A1314-9. Ravchem - 

51-04569, Champlain 
51 -04570, Champ La i n 

51-04570. Chamla in  

976-295, Thermax - 
204-17468-1, T w i n a x  - 
986-495. Thermax - 

MANUAL NO: D6-54446 

51-04763, Champlain 
51-04859, Champlain 
550-292. Thermax 

20-00-1 3 

831-4245379, P i r e l l i  - 
977-295, Thermax - 
61-02651. ChamDtain - 
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155A1211-10-9-9, Raychem C4201358, Judd - 
61-02651, Champlain 550-292, Thermax - 
I61 -02783, C hamp l a  i n 551-292, Thermax - 
63546, F i  Lotex BMS 13-08 Type I11 Class A - 
63832, F i  l o t e x  BMS 13-55 Type I V  - 
65847866-5 72016, Thermax - 
65847866-5 SS72016, Thermax - 
691-295, Thermax AA6343, Times Wire Company - 
707-1 195, Thermax 204-1 5578-1 - 
71 20D0011( 1, Rayc hem BA6848, Surprenant - 
72016. Thermax 65847866-5 - 

551-292, Thermax 
55A1211-10-9-9, Ravchem 

61-02783, Champlain - 
BMS 13-48 TYDe 12 Class 1 AWG 10 

7524D5011-0, Raychem 
7524D5011-0, Raychem 
81993. F i  l o t e x  

421-166, Amphenol - 
BA6416A, Surprenant - 
BMS 13-55 TYDe I1 Class 1 AWG 18 



AvnEINE 

S T A N D A R D  W I R I N G  P R A C T I C E S  M A N U A L  

WIRE TYPE CODES 

S p e c i f i e d  Wire 

8220D00110, Raychem 
831-4245270. P i r e l t i  

A l t e r n a t i v e  Wire Spec ia l  Condi t ions 

0024A0014, Raychem Ships Bundles Only 

BA6 580, Sur pr en an t - 

831-4245270, S p e c i a l t y  
831-4245379, P i r e t t i  

1831-4245379 ,x re l l  i 

977-295, Thermax - 
0024A0014, Raychem Shelf, Panel, and Modules 

Ontv 
1 

~_____  

151-04763.pCham~Lain 
852-4000303, At-Ch, P i r e l l i  852-4991980, AI-Ch, S p e c i a l t y  - 
852-4104717, AI-Ch, P i r e t t i  852-4991972, At-Ch, S p e c i a l t y  - 
852-4207072, At-Ch, P i  r e  L L i 852-4985321, At-Ch, S p e c i a l t y  - 
852-4236774, Cu-Cn, P i  r e 1  t i  254-100338, Cu-Cn, Revere - 

,852-4236774, Cu-Cn, P i r e l  t i  LWC-160, Cu-Cn, Lewis - 
1852-4985321, At-Ch, Specialty1852-4207072, AI-Ch, P i r e l t i  I - 
1852-4991972, At-Ch, S p e c i a l t y  262-62737, AI-Ch, Revere - 
852-4991972, At-Ch, S ~ e c i a t t v  852-4104717, At-Ch. P i r e t l i  - 
852-4991972, At-Ch, Spec ia l t y  LWAC-99, At-Ch, Lewis - 
852-4991972, At-Ch, S p e c i a l t y  WC-62737, At-Ch, Revere - 
852-4991980, At-Ch. S ~ e c i a l t v  252-94102, AI-Ch. G a l i t e  - - 

852-4991980, AI-Ch, S p e c i a l t y  
853-4125928, Cu-Cn, P i r e t l i  
853-4125928, Cu-Cn, P i r e l l i  

852-4000303, At-Ch, P i r e t t i  - 
411-63221, Cu-Cn, Revere - 
WW-63221, Cu-Cn, Revere - 

853-4218376, At-Ch, P i r e l t i  
853-4221073, Cu-Cn, P i r e l t i  
853-4221073, Cu-Cn, P i r e t t i  

WC101767, At-Ch, P i r e t t i  - 
30-04373, Cu-Cn, Champlain - 
412-67587. Cu-Cn, Revere 

853-4221073, Cu-Cn, P i r e t t i  
853-4221073, Cu-Cn, P i r e l l i  

853-4310074, Cu-Cn, P i r e t t i  1 - 
WW67587, Cu-Cn. Revere - I 
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853-4221172, AI-Ch, P i r e l l i  
853-4310074, Cu-Cn, P i r e l  t i  
853-4310074. Cu-Cn, P i r e l l i  

20-00-1 3 

WC-101763, AI-Ch, Revere - 
30-04373, Cu-Cn, Champtain - 
853-4221073. Cu-Cn, P i r e l t i  - 

MANUAL NO: D6-54446 

85842, F i  Lotex 
975-295, Thermax 
975-295. Thermax 

BMS 13-55 Type I 1  Class 1 AWG 16 
30-04680, Champlain - 
30-04749. ChamDtain - 

976-295, Thermax 
977-295, Thermax 
977-295, Thermax 

51 -04569, Champ 1 a i  n - 
51 -04859, Champ 1 a i  n - 
831-4245270. Spec i a  I t v  - 

986-495, Thermax 
986-495, Thermax 

51-04570, Champtain - 
BL 782. Times Wire ComDanv - 



STANDARD W I R I N G  P R A C T I C E S  MANUAL 

WIRE TYPE CODES 

~ ~~ ~~ ~ 

AA-1500, Times Wire Company 

AA6343. Times Wire ComDanv 
502063442, Raychem - 
691-295, Thermax - 

BA-14349, I T T  Surprenant  

BA14349, Surprenant  

BA20048. SurDrenant 

502063442, Rayc hem - 
5020G3442, Rayc hem - 
5012H3012, Ravchem - 

BA20049, Surprenant  

BA5903A, Surprenant  

BA6416A. SurDrenant 

5021K1011 , Raychem - 
5021E13310, Raychem - 
7524D5011-0. Ravchem - 

BA6580, Surprenant  

BA6848, Surprenant  
BA6903A. SurDrenant 

8220D00110, Raychem - 

7120D00110, Raychem - 
MIL-C-17/75, RG-214 E3/E6 Models Only 

BL 782, Times Wire Company 

BMS 13-08 Type I Class A 

BMS 13-08 Type I1 Class A 

986-495, Thermax - 
BMS 13-55 Type I1 Class 1 - 
BMS 13-08 TYDe 111 Class  A - 

BMS 13-08 Type I11 Class A 

BMS 13-08 TYDe I11 Class A 

MANUAL NO: 06-54446 

63546, F i l o t e x  - 
BMS 13-08 TvDe I1 Class A - 

20-00-1 3 

BMS 13-10 Type I 
BMS 13-10 Type 111 
BMS 13-11 TYDe I 
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BMS 13-60 Type 1 - 
BMS 13-60 Type 2 - 
BMS 13-60 TYDe 1 - 

BMS 13-11 Type V 
BMS 13-13 Type I 
BMS 13-13 Type 111 
BMS 13-13 Type I V  
BMS 13-16 Type I 
BMS 13-16 Type I Class 1 
BMS 13-16 Type I Class 1 
BMS 13-16 TYDe I Class 1 

BMS 13-60 Type 2 - 
BMS 13-60 Type 1 - 
BMS 13-60 Type 2 - 
BMS 13-60 Type 3 - 
BMS 13-60 Type 1 - 
BMS 13-51 Type X I V  Class 1 E3/E6 Models Only, Same AWG 
BMS 13-51 Type X V I I  C lass 1 E3/E6 Models Only, AWG 24 
M81381/21-0-9 E3/E6 Models Only. Same AWG 

BMS 13-16 Type I Class 1 
BMS 13-16 Type I, S o l i d  Color  

M81381/9-24-9 E3/E6 Models Only, AWG 24 
BMS 13-48 Type 8, White w i t h  Same Class, and AWG 
S t r i D e  

BMS 13-16 Type 111 

BMS 13-18 Type I 
BMS 13-18 Type 111 

BMS 13-18 Type I V  
BMS 13-28 

BMS 13-60 Type 2 - 
BMS 13-60 Type 7 - 
BMS 13-60 Type 8 - 
BMS 13-60 Type 9 - 
BMS 13-31 Same Type, Class, AWG, and 

Color, AWG 22 th rough AWG 8 



STANDARD WIRING P R A C T I C E S  MANUAL 

S p e c i f i e d  Wire 

BMS 13-28 

BMS 13-28 Type I Class 1 
BMS 13-28 Type I Class 1 
BMS 13-28 Type I Class 1 
BMS 13-29 Type I 
BMS 13-30 TyDe I 

WIRE TYPE CODES 

A l t e r n a t i v e  Wire S p e c i a l  Condi t ions  

BMS 13-58 Same Type, Class, AWG, and 

4/0591/31886PT-I, T e n s o l i t e  E3/E6 Models Only, AWG 4 / 0  
M22759/3-0-9 E3/E6 Models Only, Same AWG 

M22759/6-0-9 E3/E6 Models Only, Same AWG 

BMS 13-60 Type 7 - 
BMS 13-60 TYDe 4 - 

Color 
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HUEINE 

STANDARD W I R I N G  P R A C T I C E S  MANUAL 

W I R E  TYPE CODES 

S p e c i f i e d  Wire A l t e r n a t i v e  W i r e  S p e c i a l  Cond i t i ons  

BMS 13-48 Type 10 
BMS 13-48 TvDe 10 

b M s  13-48 TYDe 10 (EMS 13-51 TYDe X I V  I Same Class, AWG. and Co lor  I 

BMS 13-48 Type 8 Same Class, AWG, and Co lor  
BMS 13-51 TYDe V I 1 1  Same Class, AWG- and Co lor  

BMS 13-48 Type I O  
BMS 13-48 TvDe 10 

BMS 13-51 Type X X V I  Same Class, AWG, and Co lor  

BMS 13-60 TYDe 1 Same Class, AWG, and Co lor  

BMS 13-48 Type 11 

BMS 13-48 Type 11 
BMS 13-48 Type 11 
BMS 13-48 TYDe 11 

EMS 13-48 Type 9 Same Class and Color, AWG 

BMS 13-48 Type 9 Same Class, AWG, and Co lor  

BMS 13-51 Type X I  Same Class, AWG, and Color  

BMS 13-51 TyDe X V I I  Same Class, AWG, and Co lor  

24 Only 

lBMs 13-48 TYDe 12 lBMS 13-60 TYDe 2 I Same Class. AWG. and Color  I 

BMS 13-48 Type 11 

BMS 13-48 Type 12 
BMS 13-48 TYDe 12 

BMS 13-60 Type 4 Same Class, AWG, and Color, 

BMS 13-39 Type 111 Same Class, AWG, and Co lor  

BMS 13-42 TYDe X I 1  Same Class, AWG, and Co lor  

Not So lde rab le  
- 

IBMS 13-48 Type 13 

BMS 13-48 Type 12 
BMS 13-48 Type 12 

(BMS 13-60 Type 5 

EMS 13-48 Type 25 Same Class, AWG, and Co lor  

BMS 13-48 Type 3 Same Class and Color, AWG 
22 Only 

1 Same Class, AWG, and Color, 
Not So lde rab le  

BMS 13-48 Type 12 Class 1 
BMS 13-48 Type 13 
BMS 13-48 Type 13 

55A1211-10-9-9, Raychem AWG 10 
BMS 13-42 Type X I 1 1  Same Class, AWG, and Co lor  

BMS 13-48 Type 6 Same Class and Color, AWG 
24 Onlv 

BMS 13-48 Type 22 
BMS 13-48 TYDe 24 

IBMS 13-48 Type 3 IBMS 13-60 Type 13 I Same Class, AWG, and Co lor  I 

BMS 13-60 Type 10 Same Class, AWG, and Co lor  

BMS 13-60 TYDe 5 Same Class, AWG. and Co lor  

M A N U A L  NO: D6-54446 

BMS 13-48 Type 25 
BMS 13-48 Type 25 
BMS 13-48 Type 25 
BMS 13-48 Type 26 
BMS 13-48 Type 26 
BMS 13-48 Type 3 

BMS 13-48 Type 3 
BMS 13-48 Type 3 
BMS 13-48 Type 3 

20-00-1 3 

BMS 13-48 Type 12 Same Class, AWG, and Co lor  

BMS 13-48 Type 3 Same Class, AWG, and Co lor  

BMS 13-60 Type 13 Same Class, AWG, and Co lor  

EMS 13-48 Type 6 Same Class, AWG, and Co lor  

BMS 13-60 Type 15 Same Class, AWG, and Co lor  

BMS 13-48 Type 12 Same Class and Color, AWG 

BMS 13-48 Type 12 Same Class, AWG, and Co lor  

BMS 13-48 Type 25 Same Class, AWG, and Co lor  

BMS 13-51 Type XV Same Class, AWG, and Co lor  

22 Only 

P A G E  97 
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W I R E  TYPE CODES 
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STANDARD W I R I N G  P R A C T I C E S  MANUAL 

S p e c i f i e d  Wire A l t e r n a t i v e  W i r e  

BMS 13-51 Type X I V  BMS 13-48 Type 10 
BMS 13-51 Type X I V  BMS 13-48 Type 8 
BMS 13-51 Type X I V  BMS 13-60 Type 1 
BMS 13-51 TYDe X I V  Class  1 EMS 13-16 TYDe I Class 1 

W I R E  TYPE CODES 

S p e c i a l  Cond i t i ons  

Same Class, AWG, and Co lor  
Same Class, AWG, and Co lo r  
Same Class, AWG, and Co lor  

E3/E6 Models Only, Same AWG 
BMS 13-51 Type X I V  Class  1 
BMS 13-51 TYDe X I V  Class  1 

M81381/12-0-2 E3/E6 Models Only, Same AWG 

M81381/12-0-9 E3/E6 Models Onlv, Same AWG 

BMS 13-51 Type X I V  Class  1 
BMS 13-51 Type X I V  Class  1 
EMS 13-51 Type XV 
BMS 13-51 Type XV 

BMS 13-51 Type XV 

BMS 13-51 Type XV 

EMS 13-51 Type XV 

M81381/21-0-2 E3/E6 Models Only, Same AWG 

M81381/21-0-9 E3/E6 Models Only, Same AWG 

BMS 13-48 Type 12 Same Class, AWG, and Co lo r  

BMS 13-48 Type 3 Same Class, AWG, and Co lo r  

BMS 13-60 Type 13 Same Class, AWG, and Co lor  
M27500-(>MYOT12 E3/E6 Models Only, Same 

Class  and AWG 1 E3/E6 Models Only, Same 
Class  and AWG 

BMS 13-51 Type X V I  

BMS 13-51 Type X V I I  
BMS 13-51 Type X V I I  

BMS 13-51 Type X V I I  

BMS 13-51 Type X V I I  Class  1 
BMS 13-51 TYDe X V I I  Class  1 

BMS 13-60 Type 3 Same Class, AWG, and Co lo r  
BMS 13-48 Type 11 Same Class, AWG, and Co lor  

BMS 13-48 Type 9 Same Class, AWG, and Co lo r  

BMS 13-60 Type 4 Same Class, AWG, and Color, 

BMS 13-16 Type I Class 1 E3/E6 Models Only, AWG 24 

M81381/13-24-9 E3/E6 Models Only, AWG 24 

Not So lde rab le  

BMS 13-51 Type X V I I  Class  1 
BMS 13-51 TVDe X V I I I  

M81381/9-24-9 E3/E6 Models Only, AWG 24 

BMS 13-48 TvDe 13 Same Class. AWG, and Co lo r  

BMS 13-51 Type X V I I I  

BMS 13-51 Type X V I I I  
BMS 13-51 Type X V I I I  

BMS 13-51 Type X V I I I  

I E3/E6 Models Only, Same 
Class. AWG 24 

BMS 13-48 Type 6 Same Class, AWG, and Co lor  
EMS 13-60 Type 15 Same Class, AWG, and Color, 

M27500-24MTOT12 E3/E6 Models Only, Same 
Not So 1 de r a b  Le 

Class, AWG 24 

BMS 13-51 Type X X V I  

BMS 13-51 Type X X V I  

BMS 13-51 Type X X V I  
BMS 13-51 Type X X V I I  
BMS 13-51 Type X X I X  

BMS 13-51 Type XXX 

MANUAL NO: 06-54446 

BMS 13-48 Type 10 Same Class, AWG, and Co lo r  

BMS 13-48 Type 8 Same Class, AWG, and Co lo r  

BMS 13-60 Type 1 Same Class, AWG, and Co lo r  
BMS 13-60 Type 2 Same Class, AWG, and Co lo r  
BMS 13-60 Type 4 Same Class, AWG, and Co lor  

BMS 13-60 Type 5 Same Class, AWG. and Co lor  
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S T A N D A R D  W I R I N G  P R A C T I C E S  M A N U A L  

Spec i f i ed  W i r e  

BMS 13-55 Type I 
BMS 13-55 Type I Class I 
BMS 13-55 Type I 1  

WIRE TYPE CODES 

A l t e r n a t i v e  W i r e  Specia l  Condi t ions 

BMS 13-55 Type I1 Same Class, AWG, and Color 
H22-4000, Rockbestos AWG 18 
10-60816-13 - 

r I I I 

BMS 13-55 Type I 1  

BMS 13-55 TYDe 11 
10-60816-23 - 
BMS 13-55 TYDe V - 

63832, F i  Lotex 
10-60816-17 
BMS 13-55 TYDe I 1  

'81993, F i  Lotex AWG 18 
185842, F i  l o t e x  AWG 16 
10-6081 6-1 - 

- 
- 
- 

IBMS 13-55 Type I V  
' B M S  13-55 Type V 
BMS 13-55 Type V 

BMS 13-58 Type I 

Type 2100-1-( 1, F i  l o t e x  
BMS 13-60 Type 8 

BMS 13-58 Type I 
BMS 13-58 Type I11 

- 
747/767 Only, Same Class, 

AWG, and Color 

BMS 13-60 Type 7 747/767 Only (except 
AWACS), Same Class, AWG, 

and Color 

BMS 13-58 Type V BMS 13-60 Type 10 747/767 Only, Same Class, 

I l B M S  13-60 Type 10 I 10-6081 6-56 - ~ ~~ ~ 
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STANDARD W I R I N G  P R A C T I C E S  MANUAL 

S p e c i f i e d  Wire A l t e r n a t i v e  Wire 

BMS 13-60 Type 10 BMS 13-31 Type V 
BMS 13-60 Type 10 BMS 13-58 Type V 

BMS 13-60 TvDe 1 1  BMS 13-31 TvDe V I 1  

WIRE TYPE CODES 

S p e c i a l  Cond i t i ons  

Same Class, AWG, and Co lo r  
747f767 Only, Same Class, 

AWG, and Co lor  
Same Class, AWG, and Co lor  

BMS 13-60 Type 12 
BMS 13-60 TvDe 13 

IBMS 13-60 Type 1 1  

BMS 13-31 Type V I 1 1  Same Class, AWG, and Co lo r  

BMS 13-48 TvDe 25 Same Class, AWG, and Co lor  

IBMS 13-58 Type V I 1  

BMS 13-60 Type 15 
BMS 13-60 Type 15 

BMS 13-60 Type 15 

1 747/767 Only, Same Class, 
AWG, and Co lor  

BMS 13-48 Type 26 Same Class, AWG, and Co lor  

BMS 13-48 Type 6 Same Class, AWG, and Color, 

BMS 13-51 Type X V I I I  Same Class, AWG, and Color, 

Not So lde rab le  

Not So lde rab le  

BMS 13-60 Type 2 
BMS 13-60 Type 2 

BMS 13-60 TyDe 2 

IBMS 13-60 TYDe 13 IBMS 13-48 TYDe 3 I Same Class, AWG, and Co lor  I 

BMS 13-10 Type 111 - 
BMS 13-11 Type V - 
BMS 13-13 TYDe 111 - 

BMS 13-60 Type 13 IBMS 13-51 Type XV I Same Class, AWG, and Co lor  

BMS 13-60 Type 2 
BMS 13-60 TvDe 2 

BMS 13-60 Type 13 IBMS 13-60 Type 2 1 Same Class, AWG, and Co lor  I 

BMS 13-16 Type 111 - 
BMS 13-48 TvDe 12 Same Class. AWG, and Co lor  

BMS 13-60 Type 2 

BMS 13-60 Type 2 
BMS 13-60 TYDe 2 

IBMS 13-60 T v ~ e 1 9  

BMS 13-51 Type 111 Same Class, AWG, and Co lor  

BMS 13-51 Type I X  Same Class, AWG, and Co lor  

BMS 13-51 TYDe X X V I I  Same Class, AWG. and Co lor  

l B k  13-60 TYDe 4 

BMS 13-60 Type 22 

BMS 13-60 TyDe 3 
BMS 13-60 Type 3 

I AWG 14 t h r o u s h  AWG 4/0 I 

TLA-150-0, T e n s o l i t e  Same AWG 

BMS 13-51 TYDe X Same Class, AWG, and Co lo r  
EMS 13-13 Type I V  - 

BMS 13-60 Type 3 
BMS 13-60 TYDe 4 

EMS 13-51 Type X V I  Same Class, AWG, and Co lo r  

EMS 13-30 TvDe I - 

BMS 13-60 Type 4 

BMS 13-60 Type 4 

BMS 13-60 Type 4 

BMS 13-48 Type 9 Same Class, AWG, and Color, 

BMS 13-51 Type X I  Same Class, AWG, and Color, 

BMS 13-51 Type X V I I  Same Class, AWG, and Color, 

Not So lde rab le  

Not So lde rab le  

Not So Lder ab Le 

IBMS 13-60 Type 4 (BMS 13-48 Type 1 1  Same Class, AWG, and Color, 
N o t  So lde rab le  
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S T A N D A R D  W I R I N G  P R A C T I C E S  MANUAL 

WIRE TYPE CODES 

BMS 13-60 Type 4 

BMS 13-60 Type 5 
BMS 13-60 Type 5 

~ ~ 

S p e c i f i e d  Wire A 1  t e rna  t i ve W i r e  S p e c i a l  C o n d i t i o n s  

BMS 13-60 Type 4 BMS 13-51 Type X X I X  Same Class, AWG, and Co lor  
BMS 13-60 TYDe 4 BMS 13-60 TYDe 10 Same Class. AWG, and Co lor  

BMS 13-60 Type 19 AWG 14 th rough AWG 4/0 

BMS 13-48 Type 13 Same Class, AWG, and Color, 
EMS 13-30 Type I11 - 

Not So l d e r a b  Le 

BMS 13-60 Type 5 
BMS 13-60 Type 5 

lBMS 13-60 TYDe 5 lBMS 13-48 TYDe 24 I Same Class, AWG, and Co lo r  

BMS 13-51 Type V I  Same Class, AWG, and Co lor  

EMS 13-51 Type X I 1  Same Class, AWG, and Color, 
Not So l d e r a b  Le 

BMS 13-60 Type 5 
BMS 13-60 Type 7 
BMS 13-60 TYDe 7 

lBMs 13-60 TYDe 5 IBMS 13-51 TYDe XXX I Same Class, AWG, and Co lor  

BMS 13-60 Type 11 Same Class, AWG, and Color 

BMS 13-18 Type I - 
- BMS 13-29 TYDe I 

BMS 13-60 Type 7 
BMS 13-60 Type 7 

BMS 13-60 Type 8 
BMS 13-60 Type 8 
BMS 13-60 Type 8 

BMS 13-60 Type 8 
BMS 13-60 TYDe 8 

BMS 13-31 Type I Same Class, AWG, and Co lor  

BMS 13-58 Type I 747/767 Only (except  
AWACS), Same C.dss, AWG, 

and Co lo r  

BMS 13-18 Type 111 - 

BMS 13-31 Type 111 Same Class, AWG, and Co lo r  

BMS 13-58 Type I11 747/767 Only, Same Class, 

BMS 13-60 Type 11 Same Class, AWG, and Co lor  

MIL-W-7139. MIL-W-7078 - 

AWG, and Co lor  

BMS 13-60 Type 8 
BMS 13-60 TYDe 8 

RSS-5-191, MIL-W-7139 - 
WARREN WW500, MIL-W-7139 - 

BMS 13-60 Type 9 
BMS 13-60 Type 9 
BMS 13-65 TYDe OE 

BMS 13-18 Type I V  - 
BMS 13-31 Type I V  Same Class, AWG, and Co lo r  

S28OW503-1 - 
BMS 13-65 Type OF 
BMS 13-65 Type OG 
BMS 13-65 TYDe OH 
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- S28OW503-2 
S28OW503-3 - 
S28OW503-4 - 

20-00-1 3 

EMS 13-65 Type OJ 
BWC-890014-2-18, B a r c e l  

C4201358, Judd 

MANUAL NO: D6-54446 

S28OW503-5 - 
12621, Teledyne - 
55A1211-10-9-9. Raychem - 

CTC-OO39-0-9/5-9, AL-Ch, 
Raychem 

44A7620-0, AL-Ch, Raychem - 



HnEzNZF 

STANDARD W I R I N G  P R A C T I C E S  MANUAL 

A l t e r n a t i v e  Wire 

10-60816-62 

Specia l  Condi t ions 
- 

BMS 13-55 Type I Class 1 
BMS 13-55 Type I1 Class 1 
M1177/9-(XXX) 

AWG 18 
AWG 18 

- 
NYLAC-(XXX), Anaconda 
NYLEZE-(XXX), Phelps Dodge 
852-4991972, AI-Ch, S p e c i a l t y  
852-4236774, Cu-Cn, P i r e l l i  
JW1177/9-(XXX), Magnet Wire 
4/0591/31886PT-I, T e n s o l i t e  
M22759/3-0-9 

BMS 13-28 Type I Class 1 

- 
- 
- 
- 
- 

E3/E6 Models Only, AWG 4/0 
E3/E6 Models Only, AWG 22 

through AWG 2 /0  
E3/E6 Models Only, Same AWG 

M22759/8-0-9 

BMS 13-28 Type I Class 1 
M27500-24MTIT12 

E3/E6 Models Only, AWG 22 
through AWG 2/0 

E3/E6 Models Only, Same AWG 

E3/E6 Models Only. AWG 24 
4/0591/31886PT-I, Tenso l i t e  
BMS 13-31 Type I Class 1 
M22759/3-0-9 

E3/E6 Models Only, AWG 4 /0  
E3/E6 Models Only, Same AWG 

E3/E6 Models Only, AWG 22 
throuqh AWG 2/0 

M27500-OMLOT08 

M27500-OMYoT12 

M27500-OMLOU00 

E3/E6 Models Only, Same 
Class and AWG 

E3/E6 Models Only, Same 
Class and AWG 

E3/E6 Models Only, Same 
Class and AWG 

W I R E  TYPE CODES 

Speci f i e d  W i r e  

DM-F-2MF. Matsushi ta  
H22-4000, Rockbestos 
H22-4000, Rockbestos 
JW1177/9-(XXX). Maanet Wire 
JW1177/9-(XXX), Magnet Wire 
JW1177/9-(XXX), Magnet Wire 
LWAC-99, AL-Ch, Lewis 
LWC-160, Cu-Cn, Lewis 
M1177/9-(XXX) 
M22759/1 I-( 1-9 
M22759/11-( 1-9 

M22759/3-0-9 
M22759/3-0-9 M22759/11-0-9 E3/E6 Models Only, AWG 22 I throuqh AWG 2/0 
M22759/3-0-9 

M22759/6-0-9 
M22759/6-0-9 
M22759/8-0-9 
M22759/8-0-9 
M22759/8-0-9 

E3/E6 Models Only, Same 
Class and AWG 

E3/E6 Models Only, Same 
Class and AWG 

E3/E6 Models Only, Same 
Class and AWG 

E3/E6 Models Only, Same 
Class and AWG I E3/E6 Models Only, Same 
Class and AWG 
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M27500-OMYOU00 

M27500-OBAoT13 

M275OO-OBFOT19 

M27500-OMLOT09 

M27500-OMLOT08 

E3/E6 Models Only, Same 
Class and AWG 

E3/E6 Models Only, Same 
Class and AWG 

E3/E6 Models Only, Same 
Class  and AWG 

E3/E6 Models Only, Same 
Class  and AWG 

E3/E6 Models Only, Same 
Class  and AWG 

M27500-( I N K (  ) T I  2 

M27500-OBAOU00 

M27500-0BFOUOO 

E3/E6 Models Only, Same 
Class  and AWG 

E3/E6 Models Only, Same 
Class  and AWG 

E 3 / E 6  Models Only, Same 
Class  and AWG 

M27500-( )MY(  IT12 

M27500-OMYOU00 

M27500-OTAON06 

E3/E6 Models Only, Same 
Class  and AWG 

E3/E6 Models Only, Same 
Class  and AWG 

E3/E6 Models Only, Same 
Class  and AWG 

STANDARD WIRING PRACTICES MANUAL 

WIRE TYPE CODES 

S p e c i f i e d  Wire 

M27500-oBFOU00 

E3/E6 Models Only, Same 
Class and AWG 

E3/E6 Models Only, Same 
Class and AWG 

E3/E6 Models Only, Same 
Class  and AWG 

E3/E6 Models Only, Same 
Class and AWG 

E3/E6 Models Only, Same 
Class  and AWG 

BMS 13-51 Type XV 

M27500-OBFOT18 

M27500-( >MYOTl2 M27500-( )BF( IT19 I E3/E6 Models Only, Same 
Class  and AWG 

M27500-ONKOU00 [ E3/E6 Models Only, Same 
Class  and AWG 

BMS 13-51 Type XV I E3/E6 Models Only, Same 
Class  and AWG 

M27500-ONKOU00 

I E3/E6 Models Only, Same 
Class  and AWG 
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m n ! I N e  
S T A N D A R D  W I R I N G  P R A C T I C E S  M A N U A L  

S p e c i f i e d  Wire 

M27500-24BBoT13 

M27500-24BBOT13 

W I R E  TYPE CODES 

A I t erna  t i ve W i r e  

M27500-24MMOT08 

M27500-24NA( IT1  2 

S p e c i a l  C o n d i t i o n s  

E3/E6 Models Only, Same 
Class 

E3/E6 Models Only, Same 
C Lass 

IP(E7500-24MM( IUOO E3/E6 Models Only, Same 
Class 

E3/E6 Models Only, Same 
C Lass 

E3/E6 Models Only, Same 
C Lass 

E3/E6 Models Only, Same 
C Lass 

E3/E6 Models Only, Same 
Class 

E3/E6 Models Only, Same 
C Lass 

E3/E6 Models Only, Same 
Class  

E3/E6 Models Only, Same 
Class  

~ ~ _ _ _ _ _  

E3/E6 Models Only, Same 
Class  

E3/E6 Models Only, Same 
Class  

M27500-24MTOT12 IBMS 13-51 Type XVIII E3/E6 Models Only, Same 
Class, AWG 24 

E3/E6 Models Only, Same 
Class 

E3/E6 Models Only, Same 
Class 

E3/E6 Models Only, AWG 24 
M27500-24NAOT12 ISMS 13-51 Type XVIII E3/E6 Models Only, Same 

Class, AWG 24 
E3/E6 Models Only, Same 

Class 

E3/E6 Models Only, Same 
Class 

M27500-24NAOT12 lM27500-24BH( IT19 

E3/E6 Models Only, Same 
Class  

E3/E6 Models Only, Same 
Class 
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STANDARD W I R I N G  P R A C T I C E S  MANUAL 

WIRE TYPE CODES 

S p e c i f i e d  Wire 

M27500-24NA(>U00 

M27500-24NAOU00 

A l t e r n a t i v e  Wire Specia l  Condi t ions 

M27500-24BH(>U00 E3/E6 Models Only, Same 

M27500-24MToU00 E3/E6 Models Only, Same 

Class 

C Lass 

M81044/12-0-0 
M81044/12-( 1-9 
M81044/12-0-9 

M81044/9-0-0 E3/E6 Models Only, Same AWG 

M81044/16-( 1-9 E3/E6 Models Only, Same AWG 
M81044/20-0-9 E3/E6 Models Only, Same AWG 

M81044/12-0-9 
M81044/13-24-9 
M81044/13-24-9 

M81381/21-0-9 E3/E6 Models Only, Same AWG 
M81044/17-24-9 E3/E6 Models Only 

M81044122-24-9 E3/E6 Models Only 

M81044/16-0-2 
M81044/16-0-9 
M81044/16-0-9 

M81381/12-0-2 E3/E6 Models Only, Same AWG 

M81044/12-0-9 E3/E6 Models Only, Same AWG 

M81381 /I 2-( 1-9 E3/E6 Models Only, Same AWG 

(M81381/12-0-2 1BM.S 13-51 T n e  X I V  Class 1 I E3/E6 Models Only, Same AWGI 

M81044/17-24-9 
M81044/17-24-9 
M81044/20-0-2 

M81044/13-24-9 E3/E6 Models Only 
M81381/ 13-24-9 E3/E6 Models Only 

M81381/12-( 1-2 E3/E6 Models Only, Same AWG 

M81044/20-( 1-9 
M81044/20-0-9 
M81044/22-24-9 

~M81381/12-0-9 I M81044 / 20-( 1-9 I E3/E6 Models Only, Same AWGl 

M81044/12-( 1-9 E3/E6 Models Only, Same AWG 

M81381/12-0-9 E3/E6 Models Only, Same AWG 
M81044/13-24-9 E3/E6 Models Only 

M81044/22-24-9 
M81044/9-0-0 

M81381/13-24-9 E3/E6 Models Only 

M81044/12-0-0 E3/E6 Models Only, Same AWG 

M81381/12-0-2 
M81381/12-0-2 

M81044/16-0-2 E3/E6 Models Only, Same AWG 

M81044/20-0-2 E3/E6 Models Only, Same AWG 

PAGE 106 
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M81381/12-0-9 
M81381 /I 2-( 1-9 

IBMS 13-51 Type X I V  Class 1 
I 1181044 / 16-( 1-9 

20-00-1 3 

E3/E6 Models Only, Same AWG 

E3/E6 Models Only, Same AWG 

MANUAL NO: D6-54446 

M81381 / I  2-( 1-9 
M81381/12-0-9 

M81381/ 1 2-( 1 -N E3/E6 Models Only, Same AWG 
M81381/21-0-9 E3/E6 Models Only, Same AWG 

M81381/ 1 2-( 1 -N 

M81381/13-24-9 
M8 1381 / 13-24-9 

M81381/12-0-9 E3/E6 Models Only, Same AWG 

BMS 13-51 Type X V I I  Class 1 E3/E6 Models Only, AWG 24 ~ 

M81044/17-24-9 E3/E6 Models Only 
M81381/13-24-9 
M81381/13-24-9 
M81381/13-24-9 

M8 1 044 / 22-24-9 E3/E6 Models Only 

M81381/13-24-N E3/E6 Models Only 

M81381/9-24-9 E3/E6 Models Only 

M81381/13-24-N 
M81381/21-0-2 

M81381/13-24-9 E3/E6 Models Only 

BMS 13-51 Type X I V  Class 1 E3/E6 Models Only, Same AWG 



S T A N D A R D  W I R I N G  P R A C T I C E S  MANUAL 

Spec i f ied  Wire A l t e r n a t i v e  Wi re  Special  Condi t ions 
E 

M81381/21-( 1-9 BMS 13-16 Type I Class  1 E3/E6 Models Only, Same AWG 

M81381/21-( 1-9 BMS 13-51 Type X I V  Class 1 E3/E6 Models Only, Same AWG 

M81381/21-( 1-9 M81044/12-( 1-9 E3/E6 Models Only. Same AWG 

W I R E  TYPE CODES 

M81381/21-( 1-9 
M81381/9-24-9 
M81381/9-24-9 

M81381/ 1 2-( 1-9 E3/E6 Models Only, Same AWG 

BMS 13-16 Type I Class 1 E3/E6 Models Only, AWG 24 
BMS 13-51 TYDe X V I I  Class 1 E3/E6 Models Only, AWG 24 

M81381/9-24-9 
MI-5406, Times W i r e  Company 
MIL-C-17/113, RG-188 
MIL-C-17/113, RG-316 
MIL-C-17/127, RG-393 
MIL-C-17/155, RG-58 
MIL-C-17/163, RG-213 
MIL-C-17/163, RG-213 

M81381 /I 3-24-9 E3/E6 Models Only 
502063442, Raychem - 
MIL-C-17/113, RG-316 - 
MIL-C-17/113, RG-188 - 
MIL-C-17/174-00001 - 
EA5903A, Surprenant - 
5012F13390, Raychem - 
5012F13390. Ravchem - 

MIL-C-17/163, RG-8 
MIL-C-17/164, RG-214 
MIL-C-17/174-00001 

5012F13390, Raychem - 
EA6903A, Surprenant - 
MIL-C-17/127. RG-393 - 

MIL-C-17/60, RG-142 
MIL-C-17/75. RG-214 

421-176, Amphenol - 
BA6903A. SurDrenant E3/E6 Models Only 

MIL-C-17/95, RG-180 
MIL-C-17/95, RG-195 
MIL-W-22759/2-01-9 

MIL-C-17/95, RG-195 - 
MIL-C-17/95, RG-180 - 
BMS 13-60 TYDe 7 Class 1 Same AWG 

MIL-W-7139, MIL-W-7078 
NYLAC-(XXX), Anaconda 
NYLEZE-(XXX), PheLps Dodge 
P606671, Axon 
P606672. Axon 

BMS 13-60 Type 8 - 
JW1177/9-(XXX1, Magnet Wire - 
JW1177/9-(XXX1, Magnet Wi re  - 
RSS-5-1488-16, Rockbestos - 
RSS-5-148B-18, Rockbestos - 

MANUAL NO: D6-54446 

RSS-5-1486-16, Rockbestos 
RSS-5-1488-18, Rockbes t os 

RSS-5-191, MIL-W-7139 

20-00-1 3 

P606671, Axon - 
P606672, Axon - 
BMS 13-60 TYDe 8 - 
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S280T001-1 
S280T006-2, Spo i le r  Cable 
S28OW503-1 

- S280T001-3 
EMS 13-60 Type 24 Sh ie ld  i s  no t  Solderable 
BMS 13-65 TYDe OE - 

S28OW503-2 
S28OW503-3 

BMS 13-65 Type OF - 
BMS 13-65 TVDe OG - 



STANDARD W I R I N G  P R A C T I C E S  MANUAL 

WIRE TYPE CODES 

S28OW503-5 
SS72016. Thermax 

I 
~ I I 1 

BMS 13-65 Type O J  - 
65847866-5 - 

I S D e c i f i e d  Wi re  I A l t e r n a t i v e  Wi re  I SDec ia l  C o n d i t i o n s  I 

TLA-150-0, T e n s o l i t e  

W-1195-98, Witmore 
Type 2100-1-0, F i l o t e x  

WARREN WW500, MIL-W-7139 
WC-101763, AI-Ch, Revere 
WC-62737. AI-Ch. Revere 

BMS 13-60 Type 22 Same AWG 

1W014, Nor th rop  Spec E3/E6 Models Only 

BMS 13-58 Type I - 

BMS 13-60 Type 8 - 
853-4221172, AI-Ch, P i r e l l i  - 
852-4991972. AI-Ch. SDeciaLtv  - 

WC101767, At-Ch, P i r e l l i  

WW-63221, Cu-Cn, Revere 
WW67587, Cu-Cn. Revere 

853-4218376, AI-Ch, P i r e l l i  - 
853-4125928, Cu-Cn, P i r e l l i  - 
853-4221073. Cu-Cn. P i r e l l i  - 

BMS 13-51 Type X X I X  Class 1 
BMS 13-51 T w e  X X I X  Class  I 

BWC-880079-1-0, B a r c e l  - 
18734/41225KA-I. T e n s o L i t e  - 

BWC-880079-1-0, B a r c e l  
18734/41225KA-1, T e n s o l i t e  
BWC-880079-2-0, B a r c e l  

BMS 13-51 Type X X I X  CLass 1 - 
BMS 13-SI Type X X I X  CLass 1 - 
BMS 13-SI TYDe X X I X  Class 2 - 

BMS 13-51 Type X X I X  Class 2 
BWC-880079-3-18, BarceL 
BMS 13-51 TYDe X X I X  Class 3 

BWC-880079-2-0, B a r c e l  - 
BMS 13-51 Type X X I X  Class  3 - 
BWC-880079-3-18, B a r c e l  - 

BWC-880080-4-20, Barce L 
BMS 13-51 Type X X I X  Class 4 
BMS 13-51 TYDe XXX Class 1 

BMS 13-51 Type X X I X  Class 4 - 
BWC-880080-4-20, B a r c e l  - 
12628 TYDe XXX Class 1 - 

12628 Type XXX Class 1 
BMS 13-51 Type XXX Class 2 
12621/1 Type XXX Class 2 
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BMS 13-51 Type XXX Class 1 - 
12621/1 Type XXX Class 2 - 
BMS 13-51 TYDe XXX Class 2 - 

20-00-1 3 

BMS 13-51 Type XXX Class 3 
13054 TYDe XXX Class 3 

MANUAL NO: D6-54446 

13054 Type XXX Class 3 - 
BMS 13-51 TYDe XXX Class  3 - I 

BMS 13-51 Type XXX Class 1 
12628 Type XXX Class 1 
BMS 13-51 TYDe XXX Class 1 

12628 Type XXX Class 1 - 
BMS 13-51 Type XXX Class  I - 
12628 TYDe XXX Class 1 - 

12628 Type XXX Class 1 
24-00522, Champlain 
24-00115. C h a m l a i n  

BMS 13-51 Type XXX Class I - 
24-00115, Champlain - 
24-00522. ChamDlain - 

- 

24-00523, Champ 1 a i  n 
24-00034, Champlain 

24-00034, Champlain - 
24-00523, Champlain - 



I. 

BMS 13-48 

TYDe I 
I 

mnElNG 
STANDARD W I R I N G  P R A C T I C E S  MANUAL 

INTERCHANGEABILITY OF W I R E  AND CABLE 

BMS 13-60 

TYDe 1 

PARAGRAPH DESCRIPTION 

1. I n t e r c h a n g e a b l e  Wi res  and Cables 
1 .A. G e n e r a l  Data  
1 .B. BUS 13-48 and BMS 13-60 
1 .c. BMS 13-31 and BMS 13-60 
1 .D. BMS 13-51 and BMS 13-60 
1 .E. BMS 13-51 and BMS 13-48 

Type 2 Type I11 

Type I V  

Type 13 
Type 14  

Type 3 
7 

- PAGE 

I 
1 
1 
2 
2 
3 

Type X I 1 1  
Type X I V  
Type XV 

Type X X I V  

I n t e r c h a n a e a b l e  Wi res  and C a b l  e s  

Type 5 
Type 3 
Type 2 
Type 5 

A. Genera l  Data 

Tab le  I, Table  11, T a b l e  111, and T a b l e  I V :  
- Give  t h e  i n t e r c h a n g e a b i l i t y  o f  t h e  BMS 13-31, BMS 13-48, BMS 13-51 and 

- C o n t a i n  o n l y  t h e  e q u i v a l e n t  w i r e  Type o r  c a b l e  Type. 
BMS 13-60 w i r e  and c a b l e  

- NOTE: The number o f  conductors ,  t h e  s i z e  o f  conductor ,  and t h e  c o l o r  o f  t h e  
e q u i v a l e n t  w i r e  must be  t h e  same as t h e  w i r e  t h a t  i s  t o  be  r e p l a c e d .  

B. BMS 13-48 and BMS 13-60 
TABLE I 

INTERCHANGEABILITY OF BMS 13-48 AND BMS 13-60 

I TYDe V I  I TYDe 5 I 

Type 2 Type XXV 
Type 1 3  

MANUAL NO: D6-54446 20-00-1 4 PAGE 1 
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STANDARD W I R I N G  P R A C T I C E S  MANUAL 

I N T E R C H A N G E A B I L I T Y  O F  WIRE AND CABLE 

T y p e  I V  

T y p e  v 
TYDe V I 1  ' 

I BMS 13-48 I BMS 13-60 I 

T y p e  9 
T y p e  10 
TYDe 11 

T y p e  5 Type X X V I  
T y p e  1 5  

Type V I 1  

T y p e  V I 1 1  
T y p e  I X  

Type x 
Type X I  

Type X I 1  
Type X I V  

Type XV 

T y p e  X V I  
Type X V I I  

Type X V I I I  

Type X X V I  
T y p e  X X V I I  
T y p e  X X I X  

C. BMS 13-31 and BMS 13-60 

T y p e  6 
T y p e  1 
T y p e  2 
T y p e  3 
Type 4 
Type 5 
T y p e  1 
T y p e  2 
T y p e  3 
T y p e  4 
T y p e  5 
T y p e  4 
Type 5 
T y p e  4 

T A B L E  I 1  
I N T E R C H A N G E A B I L I T Y  O F  BMS 13-31 AND BMS 13-60 

I BMS 13-31 I BMS 13-60 I 

D. BMS 13-51 and BMS 13-60 
T A B L E  I11 

I N T E R C H A N G E A B I L I T Y  OF BMS 13-51 AND BMS 13-60 

I BMS 13-51 I BMS 13-60 I 

PAGE 2 
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S T A N D A R D  WIRING P R A C T I C E S  M A N U A L  

BMS 13-51 

TYDe xxx 

I N T E R C H A N G E A B I L I T Y  OF W I R E  AND CABLE 

BMS 13-60 

TYDe 5 

Type V I 1 1  

T y p e  I X  

T y p e  x 
Type X I  

T y p e  X I 1  

T y p e  X I V  
TvDe XV 

E. BMS 13-51 and BMS 13-48 

Type x 
Type X I 1  

T y p e  X I V  
T y p e  X I  

T y p e  X I 1 1  

T y p e  x 
T Y D e  X I 1  

TABLE I V  
I N T E R C H A N G E A B I L I T Y  OF BMS 1 3 - 5 1  AND BMS 13-48 

Type X V I  

T y p e  X V I I  

T Y D e  

T y p e  X I V  

T y p e  X I  

T Y D e  X I 1 1  
T y p e  X X V I  

Type X X V I I  

TYDe X X I X  

T y p e  X X X I  

T y p e  X X X I I  

T Y D e  X X X I  

Type XXX 

MANUAL NO: D 6 - 5 4 4 4 6  
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IN 

BnEPxcB 

S T A N D A R D  W I R I N G  P R A C T I C E S  M A N U A L  

TALLATION O F  ELECTRICAL W I R E S  AND WIRE HARNE 

NOTE: T h i s  m i n i m u m  c lea rance  can be reduced when a p o s i t i v e  s e p a r a t i o n  
i s  made s u r e  by mechan ica l  suppor t .  Refer  t o  F i g u r e  1. 

POSITIVE SEPARATION 
F i g u r e  1 

(3 )  M a i n t a i n  a 1 / 2  i n c h  m i n i m u m  c lea rance  f o r  l i n e s  t h a t  c a r r y  water  and 
P i t o t  s t a t i c  l i n e s .  
- NOTE: T h i s  minimum c l e a r a n c e  can be reduced when a p o s i t i v e  s e p a r a t i o n  

i s  made s u r e  b y  mechanica l  suppor t .  Refer  t o  F igu re  1. 
(4 )  For b l e e d  a i r  duc ts :  

( a )  M a i n t a i n  a 2 i n c h  m i n i m u m  f rom t h e  t o p  o f  t h e  d u c t s  
(b) M a i n t a i n  a 1 i n c h  m i n i m u m  f rom t h e  s i d e s  and bo t tom o f  t h e  duc ts .  

(1)  I n  a l l  areas except  t h e  eng ine  areas, t h e  l e n g t h  o f  t h e  w i r e  harnesses 
between clamps can touch  smooth f l a t  s u r f a c e s  and smooth, 1/8 i n c h  
m i n i m u m  r a d i i  o f  e i t h e r  m e t a l  o r  p l a s t i c .  

(2 )  Do n o t  use 66-3539-0 i n s u l a t e d  r e t a i n e r  r i n g s  where t h e  e l e c t r i c a l  w i r e  
harnesses a re  r o u t e d  th rough  any i n s u l a t i o n  b l a n k e t s .  

(31 For unsh ie lded  AWG 22 or s m a l l e r  wire, use e i t h e r  o f  these methods: 

B. Genera l  Wire Harness Requirements 

- Put 3 o r  more w i r e s  i n t o  a harness 
- Clamp t h e  u i r e  o r  w i r e s  t o  t h e  s t r u c t u r e  a t  i n t e r v a l s  o f  6 i nches  

o r  less .  
(4 )  Put  p r o d u c t i o n  copper t o  aluminum w i r e  power feeder  s p l i c e s  i n  such a 

p o s i t i o n  so t h a t  t h e  s p l i c e s  a r e  ou tboard  o f  t h e  power feeder  s e p a r a t i o n  
d e v i c e  i n  t h e  l e a d i n g  edge o f  t h e  wing. 

clamp. 
GAUTIOF(: MAKE SURE ALL CHANNEL SEPARATION REQUIREMENTS ARE MET. 

harnesses i s  r e q u i r e d .  

i n  p r e s s u r i z e d  areas.  
NOTE: BACS38KO p l a s t i c  s t r a p s  have been used on w i r e  harnesses i n  t h e  

(5) Severa l  w i r e  harnesses can be r o u t e d  i n  t h e  same raceway o r  i n  one 

(6) Do n o t  t i e  w i r e  harnesses t o g e t h e r  u n l e s s  suppor t  f o r  s m a l l  u i r e  

(7) Use BACS38KO p l a s t i c  s t r a p s  as an a l t e r n a t i v e  t o  BMS 13-54 l a c i n g  tape  

unpressu r i zed  areas.  T h i s  i n s t a l l a t i o n  i s  acceptab le .  
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STANDARD W I R I N G  P R A C T I C E S  MANUAL 

PW4000/777 POWER PLANT: ASSEMBLY O F  WIRE HARNESS TIES 

TWO TIES I N  THE SAME LOCATION 
F igu re  2 

C. Assembly o f  T i e s  

3 .  
CAUTION: DO NOT HAKE THE F I R S T  LOOP ON: 

(1)  Hake t h e  f i r s t  loop o f  t h e  c l o v e  h i t c h  on the  harness. Refer  t o  F igu re  

- A THERMOCOUPLE CABLE (YELLOW JACKET) 
- A THERMOCOUPLE W I R E  ( R E D  OR YELLOW INSULATION). 

(2) Complete t h e  c l o v e  h i t c h  on t h e  harness. Refer  t o  F i g u r e  3 and F igu re  
4. 
Hake su re  t h a t  t h e  k n o t  i s  t i g h t .  

First Loop of tl 
Clove Hitch 

MANUAL NO: D6-54446 

Step 3 Step 4 * 
STEPS TO HAKE A CLOVE HITCH KNOT 

F igu re  3 

20-24-1 4 PAGE 3 
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STANDARD W I R I N G  P R A C T I C E S  MANUAL 

324486 
324487 

ASSEMBLY OF INSULATED AND UNINSULATED TERMINALS 

46063 - 
46063 - 

(3)  Assemble a t i e  t o  h o l d  t h e  s leeve.  Refer  t o  F igu re  4. 
C .  I n s t a l l a t i o n  o f  a Heat S h r i n k a b l e  Sleeve 

324854 

328855 

328856 

b k -  1 inch Minimum 

_ _ _ _ _ _ - _  J 1/4 inch - 314 inch 6 - - -  - - -  - - 
Minimum Minimum 

Heat Shrinkable Sleeve 

114 inch Minimum 

i' -1 
Heat Shrinkable Sleeve 

\- ;eat Shrinkable Sleeve 

69272-1 
WA27XE-EP 
69272-1 
WA27XE-EP 

69272-1 
'WA27XE-EP 

Green 

Green 

Green 

HEAT SHRINKABLE SLEEVES 
F i g u r e  5 

(1) Hake a s e l e c t i o n  o f  a heat  s h r i n k a b l e  s leeve.  Refer  t o  Sub jec t  20-00- 
11. 

( 2 )  P u t  t h e  s leeve  on t h e  w i r e  so t h a t  t h e  t e r m i n a l  o r  t h e  end o f  t h e  w i r e  
i s  con ta ined  i n  t h e  s leeve.  Refer  t o  F igu re  5. 
Make su re  t h a t  t h e  w i r e  i n s u l a t i o n  i s  n o t  removed f rom t h e  f r e e  end o f  
t h e  w i r e .  

(31 Shr ink  t h e  s leeve  i n t o  p o s i t i o n .  Refer  t o  Sub jec t  20-00-14. 

D. I n s t a l l a t i o n  o f  a C r i m p  Type End Cap 

TABLE X X I V  
END CAP C R I M P  TOOLS 

MANUAL NO: D6-54446 20-30-1 1 PAGE 37 
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P.O. Box 3707 
Seattle. WA 981 24-2207 

17 June 1998 
BB600-16433-ASI 

Mr. R. Swaim, AS-40 
National Transportation Safety Board 
490 L'Enfant Plaza East, S.W. 
Washington D.C. 20594-2000 @- 

AW"EIN& 

Subject: Recovered Wiring, TWA 747-1 00 N93119 Accident off Long 
Island, NY - 17 July 1996 

Reference: Your email to Dennis Rodrigues, dated 28 May 1998 

Dear Mr. Swaim: 

In your reference message you requested assistance in trying to estimate the 
amount of wiring recovered from the accident airplane. 

The enclosed report provides details of the wiring recovered and identified, by 
wire bundle. If you have any questions, please do not hesitate to call. 

Very truly yours, 

John W. Purvis 

Org. B-B600, M/S 67-PR 
Telex 32-9430, STA DIR PURVIS 
Phone (425) 237-8525 

p'Director, Air Safety Investigation 

F ~ x  (425) 237-8188 

Enclosures: As noted, 4 pages 

cc: Mr. A. Dickinson, IIC 



Boeing Proprietary 

Subject: 

Group: 

Reference: 

Quantify Percentage of Wiring Recovered during February 13, 1998, Systems 
Group Activities. Calverton. NY. 

Post Production Engineering, B-E214. 

NTSB field notes, “Systems Sub-group for Wiring”, dated February 13, 1998. 

summary: 

In this report we have calculated the approximate percentages of wire and wire bundles recovered from the 
Boeing 747-13 1, N93119, used on Trans World Airlines Flight 800. The data used for these calculations 
was compiled from the NTSB field notes, “Systems Sub-group for Wiring”, dated February 13, 1998. 

We have calculated the percent of recovered and missing wires as follows; Approximately 9196 of the 
W480 wire bundle, used in the center tank fuel quantity and ground refueling systems, has been recovered 
(Per the reference field notes, all but eight feet of the bundle was recovered and identified). In examining 
the primary Fuel Quantity Indication Bundles W480, W332, and W864, we found that approximately 30% 
of the wiring from these bundles combined were recovered. The Fuel Quantity Indication bundles begin at 
the Flight Engineers panel and end at the left and right Wing/Body disconnects for the Main Fuel Tanks, and 
the rear spar connector for the Center Fuel Tank. 

In addition to the primary FQIS wire bundles, a calculation was made of the total number of wire bundles 
identified in the referenced field notes. Approximately 2 1% of the wire segments of all the identified wire 
bundles were recovered. This is based on the last known configuration of these bundles to Boeing, and the 
length in feet of recovered wiring from these bundles out of the total length (in feet) that should be present 
in each bundle. Since individual wire segments in each bundle have not been consistently accounted for, the 
percentages given are likely high. The number of bundles examined and identified in the field notes, 
represent less than 3.5% of the wire bundles installed on the 747-13 1 (Flight 800) at the time of delivery. 

How calculations were made: 

Because all FQIS and related wire bundles identified in the field notes, were not identified by wire 
segment, approximations were made in calculating the total lengths and percentages of wire recovered. 
When a range of lengths was given for recovered segments of a wire bundls, the average length was used to 
calculate the percentage. The number of wires recovered and associated with a particular wire bundle were 
multiplied by the average length, unless a length was given for all segments recovered. This number was 
then divided by the total length of all the wires identified in Boeing records (our last known) for that 
particular bundle configuration. In a few cases the number of wire segments found exceeded the number of 
wires in the last known (to Boeing) design of the particular bundle. In these cases the maximum number of 
wires fitting the characteristics of the wire bundle, per our records, was multiplied by the average length. 
For wire bundle W480 the reference field notes specified that all but eight feet was recovered, we subtracted 
this length from each of the wire segments in the bundle, totaled these numbers, and divided this sum by the 
lengths of all segments of wire recorded in our documentation the wire bundle. 
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Boeing Proprietarxl 

LENGTH( feet) 
NIA 
0.0 
24, 10.4.5 
14, 195 
6.5 

/ 
%RECOVERED NOTES 
9 1.4% 
0.0% 
35.3% 
37.85% 
18.0% 

all but 8 f t  recovered 

Details based on wiring recovered and identified in the referenced field notes: 

9.18 
5.  10.8.20.25 

- 

BUNDLE 
W480 
W292 

35.1% 
40.4% 

#OFWIRES 

5 ,  11.25,7.5, 18.3 
12.92.26.25. 17.5 

11.36% 
23.35% 

9 
0.0 

11.67 
18.3 

W294 
W 1036 

24.6% 
20.37% data had more wires 

than records show for 

4 
4 

28.3 

- 

. w 1520 
W330 
W332 
W366 
W370 

this bundle 
49.0% 

~ 

18 
30.24 

0.0 
14.2 

~~ 

0.0% 
13.96% 

16.25 
10, 12.1 

~ 

13.12% 
26.12% 1 wire in 1" segment 

4.58, 16.67, 15.4, 
18.3 

- 
was 26.7 ft 

records the twisted 
44.0% according to our 

0.0 
0.0 

0.0% 
0.0% 

0.0 
0.0 

0.0% 
0.0% 

~ 

26.25, 15.8 
5.4, 10.8,23.75 

20.7% 
20.7% 5.4 ft of wires: Q66, 

8.33.21.67, 11.67 
23.7.9, 18.75,9.2 

467.Q68, W75,W442 
17.6% 
44.76% 

13.3, 11,9 
6.3. 14 - - . - - . - . -  

3.3 I .90% I wires; C802 & C 1625 
~ 

W844 
W275 
W384 

2 
10 ~- 

13 

W418 
0.0 
14 

W528 
W632 

~ 

W634 
W684 

13 
10 

9,13,13,10 W772 

pair and triplets 
identified are not part 
of bundle W772 

7. 10 
0.0 

W796 .- . .- I 

0.0 I 0.0% I W792 ._ 

w795 0.0 
0.0 W798 

W 846 20.8,7.2, 15 according to our 
records the twisted 
wire identified is not 

34.1% 

I I  art of bundle W846 - -  

24.75 I 22.3% I W848 1 7  
~ 

W932 
w934 
w994 
W1186 5.9.4 

6 , 3 , 3  
13. 12. 12. 12 

W1192 
W 1362 
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Boeing Proprietarv 

7.5 
22 

10,lS 
22.08 

1, l(Q3831, 
l(Q325). 9 

.83, .5, 2.4.56 

18 5 

12 
0.0 
13, 13.27 

0.0 
0.0 
0.0 

23 
0.0 
26.67,24.58,25 

0.0 
0.0 
0.0 

0.0 
16,22 

0.0 
25,s 

- 

BUNDLE # OF WIRES I LENGTH(feet) % RECOVERED 
0.0% 

NOTES 
W 1478 0.0 I 0.0 . -  ~ 

W1648 42.6% 
50.5% W 1560 

W186 1.2% 9 wires:N1070, 
4621, Q623.4326, 
Q622.4325, Q383, 
4 6  19,420 1 

0.0 I 0.0 0.0% W985 
W066 14.95% wires: 41211, 

41219,41213, 
Q229,41215,Q228, 
4227,41218, 
41214,4632. 4622, 
4642,4612,4607, 
4227,4527,41212, 
H113 

I W326 23.23 % 
0.0% r 58.7% wires: 4228,4227. 

4617, 4637,4632. 
Q622,407,Q384, 
Q612,4242,1E76, 

1E87,1E46, 1E42, 
lE12,Q1003 

1Z1; 1E1, lE3-6, 

0.0% 
0.0% 
0.0% 

W 1360 r 0.0% 
4 1 .O% wires: 4E1,4E3-6, 

4E8,4E42,4E 12, 
4E221,4E69,4E46, 
4E75,Ql006,4567, 
421,43398; connector 
D 1410J wires 

lwsso 20 I 27.5 17.4% 
0.0% 
0.0% 
0.0% 
19.0% 
9.8% 

3, 11 5.20.8 
17 15.42 
0.0 0.0 0.0% 
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Boeing Proprieta r 

BUNDLE 
w 144 

- 

W365 

# OF WIRES LENGTH(feet) % RECOVERED NOTES 
44 full length 40.0% used full wire lengths 

for reported 
connectors: 
DN05 lM, DN052M, 
DN053M. DN054M, 
DN055M. D2804J 

1 1.17 .23% wire N36 

General Notes: 

Out of more than 1023 bundles present on Boeing 747-131 (Flight 800) at delivery, 36 were recovered 
and identified in the referenced field notes. accounting for less than 3.52 96 of the total number of wire 
bundles on the accident aircraft. The number of total wire bundles does not include Vendor built 
bundles controlled by Specification Drawings, or bundles purchased from Vendors. In addition, the 
numbers are not reflective of bundles that are multiple issue - usually payload systems related - such as 
window reveals or passenger service units. 
The total sum of wire lengths found and identified in the field notes was calculated to be 13,025.65 feet 
out of a total 61,772.5 feet'listed in our records (last known configuration to Boeing) for these bundles, 
accounting for approximately 21.09% of the wiring in the bundles examined. 

0 

Prepared by: - 
Leah N. Burk 
747 Post Production Engineering 
System Installati ign & Processes 

Concurrence by: 
L. W. Williams XI 

Approved by: 
C. A. Mitchell 
Supervisor 
747 Post Production Engineering 
System Installation Design & Processes 
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Q r d e r :  29385 
>WG : 6 1070101 

i t 

Boeing P r o p r i e t a r y  N o t  Valid A f t e r  O S  11 199E 
SH: O O O l B  R E V :  F Frame: 1 of _? 





I 

O r d e r :  1 2 4 7 0  
DWG: 6 1 B 7 0 1 0 1  

Boeing Proprietary 
S H :  O O O l B  R E V :  F 

N o t  V a l i d  A f t e r  0 5  0 8  I 
F r a m e :  3 c 





Crder :  9 6 3 1 2  
EWG: 61B70102 

Boeing  P r o p r i e t a r y  Not V a l i d  A f t e r  0 5  0 8  1 9 9 8  
S H :  OOOlB REV:  D ' F r a m e :  2 of 6 



Order: 97994 
DWG: 6 1 B 7 0 1 0 2  

Commercial Data 

Boeing  Proprietary REV:  D ; Frame: 1 of 
Not Valid After 05 08 195 

.'SH: O O O l B  



Order: 73949 
DWG: 61B70102 

I ,- . . . _- . -, . -. 
a 

Boeing Proprietary 
SH: OOOlB REV: D 

Not Valid After 05 07 1998 
Frame: 3 of 6 



Order: 7 6 0 8 9  
DWG: 61B70102 

D \  

Boeing Proprietary Not V a l i d  > 
S H :  0002B R E V :  B *: LJQ 



Boe ing  Proprietary 
SH: 0002B REV:  B 

Not V a l  



I 
> I W I 

I 
d 
W .\ 

Order:  2 2 7 3 0  
DWG: 6 1 B 7 0 1 0 3  

! I  

Boeing Proprietary Not V a l i d  A f t e r  0 5  07 1998 
':SH: OOOlF REV:  D .' Frame: 1 of 5 

Commerc i a 1 D a t a  



Y 

I 

. .  
f 

Order: 22730 
n W G :  6 1 B 7 0 1 0 3  

Boeing Proprietary Not Valid After 05 07 199E 
'3": OOOlF REV:  D Frame: 2 of : 



I +- I 

O r d e r :  2 2 7 3 0  
DWG: 6 1 B 7 0 1 0 3  

.,B oe i n  g Proprietary 
SH: O O O l F  REV:  D . 

Not V a l i d  A f t e r  05 07 19: 
F r a m e :  3 of 



Order: 70431 Boeinq Proprietary Not Valid After 05 23 1998 
DWG: 61B70104 SH: 06OlC - REV: A Frame: 1 of 4 



I 

Order:  7 0 4 3 1  
DWG: 61B70104 

Boeing P r o p r i e t a r y  N o t  V a l i d  A f t e r  0 5  2 3  1 9 9 8  
J. SH: OOOlC REV: A F r a m e :  2 of 4 

s 



O r d e r :  7 0 4 3 3  
DWG: 6 1 B 7 0 1 0 4  

/ 

Boeing P r o p r i e t a r y  
SH: 0 0 0 2 C  

N o t  V a l i d  A f t e r  05 2 3  1' 
REV:  D Frame: 1 0 :  



Order: 70433 
DWG: 61B70104 

Boeing Proprietary N o t  Valid After 05 23 
SH: 0 0 0 2 C  REV:  D F r a m e :  2 of ! 



Order: 70433 
DWG: 61B70104 

Boeing Proprietary Not Valid After 05 23 1998 
SH: 0002C REV:  D Frame: 3 of 5 



1 .. I I I 

Order:  7 0 4 3 3  
DWG: 61B70104 

Boeing  P r o p r i e t a r y  N o t  V a l i d  A f t e r  0 5  2 3  1 9 '  
* -  SH: 0 0 0 2 C  REV: D 2 Frame: 4 of 



/-. 1 

'8 
y y  . -  . I  

O r d e r :  79143 
DWG: 61B70105 

.~oeing Proprietary Not Valid A f t e r  0 5  27  1 SH: OOOlC b REV: E F r a m e :  1 o 



Order: 79143 
DWG: 61B70105 

Boe ing  Proprietary Not Valid After 05 27 1998 
SH: OOOlC REV:  E F r a m e :  2 of 5 



f 

Order: 7 9 1 4 3  
DWG: 61B70105 

Boeing  P r o p r i e t a r y  
SH: OOOlC REV: E . . 

Not V a l i d  A f t e r  0 5  27  1 9 9 8  
F r a m e :  3 of 5 

r n r n m e r r  i a 1 n a t a  



-+-- 

Order: 79143 
DWG: 61B70105  

Boeing proprietary 
SH: OOOlC REV: E 

Not Valid A f t e r  05 2 ;  
Frame: i 



1)-- 

I 

f 
i 
i] 

1 

I 

, .. 

O r d e r :  8 1 0 3 3  
DWG: 61B70105  

B o e i n g  P r o p r i e t a r y  N o t  v a l i d  A f t e r  0 5  0 7  . 

S H :  0002C R E V :  E F r a m e :  1 ( 



I 
~ 

81  0 3 3  Boeing P r o p r i e t a r y  N o t  V a l i d  A f t e r  0 5  0 7  1 O r d e r :  _ _ _ _ -  
DWG: 6 1 B 7 0 1 0 5  Frame: 2 o SH: 0 6 0 2 C  ~ REV: E 



Order:  81033 
DWG: 6 1 B 7 0 1 0 5  

Boeing  P r o p r i e t a r y  N o t  V a l i d  A f t e r  0 5  0 7  1991 
SH: 0002C REV: E Frame: 3 of ' 



, 

i 



" '1 I 
I 

Ir . .  

O r d e r :  2 2 8 9 7  
DWG: 61B70106 

B o e i n g  Proprietary Not V a l i d  A f t e r  0 5  0 7  1 9 5  
S H :  0 0 0 2 C  R E V :  B Frame:  1 of 



Order:  2 2 8 9 7  
DWG: 61B70106 

N o t  Valid A f t e r  0 5  0 7  
Frame: 2 Boeing  p r o p r i e t a r y  

SH: 0 0 0 2 C  REV: B . 



! I I  

Order: 22897 
DWG: 6 1 B 7 0 1 0 6  

Boeinq Proprietary Not Valid A f t e r  05 07 1 9 9 t  
* SH: 0002C REV:  B Frame: 3 of F 



J 

P 
F 

H 

A 

Order:  9 2 8 2 4  
DWG: 61B70106 

Boeing P r o p r i e t a r y  Not V a l i d  After 05 26 
'SH: 0003B REV:  E . Frame:  1 

1 
C 



Order: 92824 
DWG: 61B70106 

Boeing Proprietary N o t  Valid After 05 26 1998 
SH: 0003B REV:  E Frame: 2 of 5 

\ 



O r d e r :  9 2 8 2 4  
DWG: 6 1 B 7 0 1 0 6  

Boeing P r o p r i e t a r y  
S H :  0003B R E V :  E F r a m e :  3 of 

N o t  V a l i d  A f t e r  0 5  2 6  1 9 9  



O r d e r :  8 1 1 9 9  
DWG: 61B70107 

I I 

Boeing P r o p r i e t a r y  N o t  V a l i d  A f t e r  0 5  07  1 9 9 )  
Frame: 1 of ! SH: 0 0 0 2 B  REV: H 



O r d e r :  8 1 1 9 9  
nwc. 6 1  ~ 7 n i  n7 

Boe ing  P r o p r i e t a r y  N o t  V a l i d  A f t e r  0 5  0 7  1 9 9 8  
SH: o n n m  R E V :  H F r a m e :  2 of 5 



I 

I 

Order: 81199 
DWG: 6 1 B 7 0 1 0 7  

Boeing Proprietary 
SH: 0002B REV:  H 

Not Valid A f t e r  05 07 
Frame: 3 



Order: 81199 
DWG: 6 1 B 7 0 1 0 7  

. . . . . . ., .. . . . - . . . .. .. .", ,.,... , . , :*.-?-: ' 0 -,, . 

Boeing Proprietary Not Valid After 05 07 1998 
SH: 0 0 0 2 B  REV: H Frame: 4 of 5 



O r d e r :  40778 
DWG: 61B70107 

Boe ing  P r o p r i e t a r y  . 
S H :  0003B REV:  D 

Not V a l i d  A f t e r  0 5  1 5  1998 
Frame: 1 of 3 



O r d e r :  4 0 7 7 8  
nr.ir.. 61R70107 

N o t  V a l i d  A f t e r  0 5  1 5  1 9 9 8  
Frame:  2 of 3 

Boe inq  Proprietary 
SH: 0 0 0 3 B  REV:  D 



J 

. .  

L ,  k 
7 \ 

o r d e r :  4 0 7 7 8  
nwc. 6 1 ~ 7 0 1 0 7  

Boeing Propr i e t a ry  N o t  V a l i d  Af t e r  0 5  1 5  1998  
R E V :  D ': Frame:  3 of 3 6 H :  0003B 



.'. . . .. 
. .  

. .  

- .  . .  . .  
' I  



Order: 4 0 5 3 4  
DWG: 61B70113 

i 

Boe ing  Proprietary Not Valid A f t e r  05 08 19' 
S H :  O O O l H  REV: A Frame: 2 of 



Order:  22979 
DWG: 61B70113 

B o e i n g  P r o p r i e t a r y  Not V a l i d  A f t e r  0 5  0 7  1 9 9 8  
SH: OOOlH REV:  A Frame:  3 of 3 



Order: 81266 
DWG: 61B70113 Boeing Proprietary Not Valid After 05 07 1998 

SH: 0002H REV: A Frame: 1 of 5 

Commercial Data 



O r d e r :  8 1 2 6 6  
D W G :  61B70113 

Boe ing  P r o p r i e t a r y  
S H :  0002H REV: A 

U 

N o t  V a l i d  A f t e r  0 5  0 7  195  
F r a m e :  2 of 



___ -- .. . 

, 

Order:  8 1 2 6 6  
DWG: 61B70113 

B o e i n g  P r o p r i e t a r y  
S H :  0 0 0 2 H  REV: A 

N o t  V a l i d  A f t e r  0 5  07  1 9 1  
Frame: 3 of 



Boeing Proprietary 1998 
I C . . * .  n v T r .  Q .  Frame: 1 of 6 

Not V a l i d  A f t e r  0 5  07 



Order: 81172 Boeing Proprietary Not Valid After 05 07 1998 
DWG: 61B70118 SH: OOOlL REV: B Frame: 2 of 6 



O r d e r :  8 1 1 7 2  
DWG: 61B70118  

Boe ing  P r o p r i e t a r y  N o t  V a l i d  A f t e r  0 5  0 7  1 9 9 :  
S H :  OOOlL R E V :  B Frame: 3 of I 



Order:  81172 
DWG: 61B70118 

Boeing Proprietary Not Valid After 05 07 199 
SH: OOOlL R E V :  B Frame: 4 of 



f 
I 

..< -... 

L .-. 

I 1 
I 

4 

3 
3 

1 I 

Order: 81172 
DWG: 61B70118 

Boeing Proprietary 
SH: OOOlL REV: B Frame: 5 of 

Not Valid After 0 5  07 199 



Order: 7 5 9 0 7  Boeing Proprietary Not Valid After 05 0 7  1 9 9  
DWG: 6 1 B 7 0 1 1 8  . S H :  0002D REV:  D Frame: 1 of 



O r d e r :  7 5 9 0 7  
DWG: 6 1 B 7 0 1 1 8  

Commercial Data 

Boe ing  P r o p r i e t a r y  
S H :  0002D REV:  D 

Not V a l i d  A f t e r  0 5  0 7  1 9 9 :  
F r a m e :  2 of 



O r d e r :  7 5 9 0 7  
DWG: 61B70118 

:Boeing P r o p r i e t a r y  
S H :  0 0 0 2 D  REV : 

15 
of 

Not V a l i d  A f t e r  0 5  0 7  
D F r a m e :  3 



O r d e r :  7 5 9 0 7  
DWG: 6 1 B 7 0 1 1 8  

B o e i n g  P r o p r i e t a r y  N o t  V a l i d  A f t e r  0 5  07  1 9 5  
SH: 0002D REV:  D F r a v o .  4 n f  



Order: 24335 
DWG: 61B70126 

Boeing Proprietary : Not Valid After 05 07 1998 
SH: O O O l K  REV:  E * - F r a m e :  1 of 5 



Order: 24335 Boeinq Proprietary 
DWG: 61B70126 *SH: O6OlK - REV- E 

i I,@ 

NOT; vaiia HrT;er u 3  u /  I Y Y G  

Frame: 2 of 5 



Order:  2 4 3 3 5  
DWG: 6 1 B 7 0 1 2 6  

Boeing P r o p r i e t a r y  . 
.SH: O O O l K  R E V :  E 

Not V a l i d  A f t e r  0 5  0 7  1 
Frame: 3 o 



Order :  2 4 3 3 5  
n ~ ~ 7 c .  6li37nl26 

Boeing Proprietary ~ N o t  V a l i d  After 0 5  0 7  1 9 9 8  
.SH: OOOlK REV: E F rame :  4 of 5 



I A 

Order: 81920 
DWG: 6 1 B 7 0 1 2 6  

Boeing Proprietary 
SH: 0002H REV: E 

Not Valid After 05 12 199E 
Frame: 1 of 5 



P \ 5. 

Order: 8 1 9 2 0  
DWG: 61B70126 

Boeing Proprietary Not Valid After 05 1 2  
Frame: 2 SH: 0002H REV:  E 

1998 
of 5 



O r d e r :  8 1 9 2 0  
DWG: 6 1 B 7 0 1 2 6  

n 

. 

Boeing P r o p r i e t a r y  Not V a l i d  A f t e r  0 5  1 2  1998 
S H :  0002H REV:  E F r a m e :  3 of 5 



Order: 81920 
DWG: 61B70126 

Boeing Proprietary Not Valid After 05 12 19 SH: 0002H REV: E Frame: 4 of 



I N -1 
I 

Order: 82628 
DWG: 61B70128 

Boeing Proprietary 
'SH: OOOlD REV: F Frame: 1 of 

Not Valid After 05 07 199, 

Commercial Data 



Order: 82628 
DWG: 61B70128 

Boeing Proprietary Not Valid After 0 5  07 1998 
REV: F * Frame: 2 of 6 'SH: OOOlD 



Q 

I .  

! 
! 

I 
1 

i 4  
! 
I 

i 
I 

t 

I” 

I 

Order: 82628 
DWG: 61B70128 

Boeing Proprietary 
. SH: OOOlD REV: F 

Not Valid After 05 07 19 
Frame: 3 of 



I 
.+ 

. .  
-. . . ,  -..I--- 

O r d e r :  8 2 6 2 8  
DWG: 6 1 B 7 0 1 2 8  

B o e i n g  P r o p r i e t a r y  
SH: O O O l D  REV:  F 

N o t  V a l i d  After 0 5  07  19s 
Frame: 4 of 



gg R 

f 

Order: 71593 
DWG: 61B70128 

I 

Boeing Proprietary 
SH: 0002D REV: F 

Not Valid After 05 14 1998 
Frame: 1 of 6 

Commercial Data 



I 

I 
( 

' _  
N 

I 
I ~1 

I 

i -- 
I 
I 

I 

i 

L 

Order: 71593 
DWG: 61B70128 i Boeing P r o p r i e t a r y  

S H :  0002D REV: F 
Not V a l i d  A f t e r  0 5  1 4  19' 

F r a m e :  2 of 



Order: 
DWG: 61B70128 

Boeing Proprietary 
SH: 0002D R E V :  F 

Not V a l i d  After 0 5  14 1998 
Frame: 3 of 6 



_. . . .L . 

I i  ' .. ' 
I j  i 

Order: 7 1 5 9 3  . -.,,.,- 
Boeing Proprietary 

'sM: O002I-l REV:  F 
N o t  V a l i d  A f t e r  0 5  1 4  1 9 9 8  

F r a m e :  4 of 6 



Order: 46766 
DWG: 61B70152 Boeing Proprietary 

SH: OOOlA REV: H Not Valid After 05 25 1998 
Frame: 2 of 4 



'der: 4 6 7 6 6  
'/-. T l n - 7 A l r ~  



Order: 4 6 7 6 6  
DWG: 61B70152 

Boeing Proprietary Not Valid A f t e r  05  2 5  1 9 9 8  
SH: OOOlA REV: H Frame: 4 of 4 


